(13) 



Europaisches Patentamt 
European Patent Office 
Office europ^ert de$ brevets 



(11) 



liiii 

BP 1 498 936 A1 



(12) 



EUROPEAN PATENT APPUICATION 

published In accordanoe with Art t58(3) EPC 



(43) Date of publication; 

19.01 :eOQ5 Butlatin 200S/03 



(21) ApplicatiOFi number: 03745999.7 

(22) Date of Uling: 11.04.2IKI3 



(51) htci.r: H01L 21/027. G03F 1/16 

(86) InternaHorial application numlien 
i>C17ji»2Q03A>046lS 

(87) International puij^lcation numben 

WO 2003/08S708 (16.10.201)3 Gazette 2003/42} 



(84) 


Designated Contracting States: 


• Shoki, Tsutomu 




AT BE BG CH CY CZ DE DK EE ES Fl FR GB GR 


Tokyo 161-8525 (JP) 




HU E IT Li LU MC ML PT RO SE 81 SK TR 


• Kosoya, Morlo 




Designated Extension States: 


Tokyo 161'8525 (JP) 




AllLTLVIBK 


• ShIotarYukf 






Tokyo 161-8525 (JP) 


(30) 


Priority: 11.04.2002 JP 20(Kit1<»80B 


* Kurtfahi. Nntsuhiro 


15.04.2002 JP 2002111i58R^ ;, 


. Tokyo I61<a525 (JP) 


(71) 


AppiicantHOYACORPORATIOI*:*'^ 


(74) Representative: V08S1US & FARTHER 




Shinjul(u-ku, Tokyo 161.8525 (JP)^ 


Sietrartstrassb 4 






81675 Manchen (DE) 


(72) 


Inventors: ^'-n; 






istiibuhi.Shiniehl 






Tokyo iei-B525 (JP) 





(54) REFLECTION TYPE MASK BLANK AND REFLECTION TYPE MASK AND PRODUCTION 
METHODS FOR THErt 



(57) A renective mask blank has a substrate (11) on 
wfiicti a reflective layer (12) for reflecting exposure light 
in a stiort-wavelength region including an 'extreme .ultr«+.. 
violet region and an absorber layer (16) fbr absorbing 
the exposure light are successively formed. The absorb^ 
er layer ( 1 B) has an at least two-ia^sr structure Including 
as a lower layer an exposure light absorbing layer (14) 
formed by an absorberforthe exposure itght in the short- 
wavelength region including the extreme ultraviolet re- 
gion and as an upper'iayer a low-reflectivity layer (15) 
formed by ah absorber for inspection llg^usad in In- 



speotton of a mask pattern, The upper layer Is made of 
a materfal containing tantalum (Ta), boron '(B), and ni- 
trogen (N). The content of B is 5 at% to 30 at%. The ratio 
of Ta and (Ta : N) iiatis within a range of 8 : 1 to 2 : 7, 
Alternatively, the reflective mask blank has a substrate 
on which a multilayer reflective film and an absorber lay- 
er are successively formed, in this case, the absorber 
lajrerls made of a material containing tantalum (Ta), bo- 
ron (B), and nitrbigBn (N). The content of B Is 5 at% to 
25 at%. The natlo of Ta and N (Ta : N) falls within a range 
of6:1 to2:7. . 
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Description 

iioOt] This invention reiates to a reflective mask and 
armmMmmmk tJlafiK suitably used in tjtfeoswJiyj us- 
ing exposure light within a sliort-wavelengfh region, 
such as extreme ultraviotet light, and to tJleihiids of pro- 
dudna the inask and the wiask blank and. in particular, 
to a reflective mask and ths IHte enabling accurate arid , 
quick inspection of a tmsk pattdrn. 

Background Art 

{0002] in recent yearn, following the development (rf 
a hlgtily-lntegrated semleonduotor product, such en a 
santioonductor memory and a V18I (Very Ufige Scele 
integrated Dlfcult)^ there arises a demartd for s fine pst- 
tenn exceeding a transfer Ihntt in photolHtKjgraffliy, In or- 
der to enable such a fine pattern to be transferred, pro- 
posal has been made of lithography using extrem^^lil-^v 
traviolel light (hereinafter abbreviated to EUV light)' hav- 
ing a shorter wavelength or the like, it Is noted here that 
the EUV light means light of a wavelength band within 
a soft X-ray region or a vacuum ultraviolet region, spe- 
cifically, light having a wavelength of about 00 nm. 
p>0Q3] In Ufe meenwttile, proposal has been made of 
a refiecSve mask used as an exposure mask within a 
short- wavelength region including Uie ^yj^'^tS^^- 
ray. The refTective-mask has a basid sif^iiiH^^^|&- 
Ing a Si or quartz sulsstrate, a refiecthrs tsfer forniea On 
the sub^rate to rsflaot ihs EUV fight or the X-ray; 
an absorber pattern famei on the reflecitlve layer jbW 
sorb EUV light or the X-ray. Ceneraliy, the reAeotlve 
layer comprises a mutfliayer fHm Including thin fam.8 of 
at least two kinds of substances altematsiy laminated, 
in a diredion inclined at ssvarel dogreee {{j^lcally, 2 to 
5 degress) from a perpendicular direotlon to the mask, 
exposure light Is incident to the mask. The exposure 
light is absorbed in an area' where the absorber pattern 
is present. In a remaining area, the exposure light is re- 
flected by the reflective layer. Therefore; a reflected im- 
age corresponding to the absorber pattim is form&(j., By 
reduction projection of the reflected im^ge throuigfiiiih 
appropriate optical system onto a silicon wafer, transfer 
is can-led put. 

[0004] Japanese Patent Application Pubiication 
{JP-A) Nos, H7-333829 and H8-213303 disciose a 
stmcture including an intermediate layer formed be- 
tween the reflective layer and the absorber, In addition 
to the above-mentioned basic structure of tli&refiactiye 
mask. Thus, the intermediate layer 1^m<^w^^ 
protect the reflective layer during patte^i^ft^'ln^ap?' 
sorber, in particular, during etching so thi^the reflective 
layer as an underlying layer is not damaged isy et^lt^.;- 
piOOS] Now, referring to Fig. 1, deschptloti'viH^^e 
made of a method of pnsducing a reflective masit used 
in the lithography using the EUV light (for example, Uie 



EUV light having a wavelength of about 13.4 nm within 
the softX-ray region). Fig, 1 includes sohematioaeeltoR- 
al view,? sequentially showing a production procees of 
an existing reflective mask.. 

5 [OQuej Amaskbiank 101 is prepared bysuccBssiveiy 
depositing, on a substrate 11 of quartz orthe tike, a lam- 
inate film 12 as a reflective iayerforthe EUV light (here- 
inafter called an EUV reflective layer), a buffer 'ayer 13 
(corresponding to the above-mentioned intermediate 
^ to layer) formed on the laminate film for the purpose of pro- 
tecting the EUV reflective layer in an absorber pattern 
forming step, $in atisoifter tayer 14 formed on the buffer 
layer to absorb the EUV light (herednaner called an EUV 
abeorbsr layer) (see Fig. 1(e)). 

IB lurni i^lext, the EUVflbeorberlayer 14 as an absorb- 
er for tiie EUV yght is processed to form an EUV ab- 
aorber pattern having a predetermined pattern (see Fig. 

my- 

[0008] Then, inspection Is carried out to confirm 

20 whether or not the EUV absorber pattern Is fonned ex- 
- " actly as designed. For example, it is assumed that, as 
a result of the pattern Inspection, detection is made of 
occurrence of a pinhole defect (a defect that the absorb- 
er layer is removed at a position where it should not be 

26 etched off, may be called a white {clear) defect) 21 re- 
sulting from adhesion of foreign matters to a resist layer 
during pattern fonnation and an underetching defect (a 
position where the absorber layer is not sufficiently re- 
moved due to underetching, may be called a black 

30 ((^aque) defect) 22. as shown In Fig , 1 (b), In this event, 
tile pinhole defect 21 la repaired by depositing a carbon 
film 23 In a pinhole using focused ion beam (f^lB) assist- 
ed deposition. The underetching defect 22 is repaired 
by removing a residual part 22a using FIB gas assisted 

35 etching to obtain a removed part 25 v^re the absorber 
layer 14 Is removed. By irradiation energy during repair, 
a damaged pari 24 (a pert 24a removed by FIB and a 
part 24b penstrafed by FIB ions) is present on a su rface 
of the buiffer layer 13 (see Fig. 1(c)). 

40 [8009] Thereafter, by removing a part of the buffer lay- 
er 13 con-esponding to the removed part 25 where the 
EUV absorber layer 14 Is removed, a pattern 26 is 
formed so that the reflective mask for the EUV light Is 
produced (see Fig. 1(d)), 

45 [0010] When the reflective mask is exposed by EUV 
light 31, the light is absorbed In an arsa where ths ab- 
sorber pattern Is present. In a remaining area (where 
the absorber layer 14 and the bu^sr layer 13 are re- 
moved), the EUV light 31 Is reflected by the reflective 

50 layer 12 which is exposed (see Fig. 1(e)). Thus, the re- 
flective mask can be used as a mask for the lithography 
using the EUV light. 

[0011] As described above, in the above-mentioned 
■ mask production process, Inspection is carried out, after 
55 the pattern is formed on the EUV absorber layer 14, to 
confinn whether or not the EUV absorber pattern is 
formed exactly as designed. The inspection of the mask 
pattern is carried out by the use of an inspecting appa- 
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rastus using light hssving a waverengHi tsf, far s"*"*}!©, 
about 257 nm feienerally. deep ultreivtolet light having a 
wavelength of 1 90-250 nm), SpecifissHy, by iTadiating 
the masH with the light of about 257 nn, a pattern of a 
reflected image ia produced 'to be subjected to the in- 
spsctlon. The inspeotton of ttie masl< pattern ts carried 
out after cqmptetion of the pattsro fortn'rng step {stao in 
Fig, 1{b)}fDrlhe EUV absorber layer 14 on a surface as 
desciit^d above. Based on tlie result of the inspection, 
the patlern is repaired if necessary. Spsciflcaily, the in- 
spection is carried Out by a difference in reflectivity be- 
tween the surface of the buffer layer 13 expo^ied after 
the absorber on the surface Is removed fey jjafterrtirtg 
and the surface of the absorber as the ?srtl#liii^^ii^fi| 
when the light used in the Inspection (fi^p&tw'iwt^ 
referred to as inspection light) i$ iratiittftd ort^ <*»| 
masK, Therefore, K the differencs In feltectl>% f^rJp* 
wavetshsth of Vna ihKpectlon R^t bMwei^n tm s&Vma 
of the btiffisf layer and surface of the abeorbef layer 
Is smalt, a 6c^trast upon the Inspection is insufncient so 
thsit defttit inspection can not sKscurateiy be carried out, 
|oei35 Typically, in case of the existing reflective 
nr^sk, the 6UV absorber on the surface is formed by a 
tantalum film or a tantalum nitride film and the buffer lay- 
er is fonned by a SiOg film. For the Inspection light hav- 
ing a wavelength of 257 nm, the difference between lha 
fiSflectlvRy of the surface of the absorber and the reflec- 
tiv% on the surface of the buffer layer' is small so 'that 
th^cOhlrgst upon the inspection is insufficient, As a re- 
sult, a pattern defectcan not sufficiently be detected dur- 
ing the Inspection of the mask and an accurate defect 
test can not be canied out. 

^613] On the other hand, by inspeotioh with an elec- 
tron microscope using an electron beam, an EUV ali- 
sorber film is damaged by the electron beam ifradi^ad 
thereto. Therefore, practical Msa is <P|^af^^ll*'3i 
|[pB14] Proposal Is ateo made of a l^ffi^^jff 
light about 1 3,4 nm eis an EUV lig ht vra^lert^th men- 
tioned above to ftiapeot a'm«0f( paQem. Kowever^ln^ 
dar to e(|Mtp the inspection appanatus wKh an 
source, an extremely high ftioillty co«t Is 
thif, as compared with tsm eecteting Irtapectlori apparatus 
using an uttraviplet wavelength, a pattern inspec^ng 
step is incnsased In scale and complicated because a 
Btmcture of holding a whole of an optical system in vac- 
uum Is required in order to avoid absorption In atmos- 
pheric air, in addition, a throughput is reduced due to a 
time required for evacuation into vacuum. 
[001 5] Referring to Fig. 1 , description will be made of 
a specific example where the reflective layer 1 2 is a .tnul- 
tiiayer reflective film. Specifically, the rnuitllayer reftec- 
tive film comprising thin films made of substances dif- 
ferent in refractive index and alternately laminated is 
generally used as the reflective layer 12, For example, 
as the multilayer refiecltve.film for Hght having a vrave- 
length of about 13 nm, a multilayer film comprising ^ 
and l\^o aitemately laminated in about 40 periods is 



known. 




mni^. , »n the sp«eifl« example, it is assumed that the 
buffer layer 13' comprises a SiO^ film or a Cr film and 
the absorber layer 14 Is made of Ta or a Ta alloy. 
[001 7} After the step In Ffg. 1 (d) (the step of removing 

5 a predetermined part of the buffer layer 13 on the reflec- 
tive layer 12 to form the pattern 26), inspection for final 
confirmation is carried but to confirm wbethes or not the 
absorber pattern is formed in ey&Cl conformity with a 
specification. The final inspection of the pattern is also 

10 carried out by observing the contrast ih reflection of the 
inspection light on the surface of the mask using deep 
ultraviolet light as the inspection light, in the manner sim- 
ilar to the above-mentioned first !n$pection after com- 
ptetion of the pattern forming step (the step in Fig, 1(b)) 

« fiartheabwrbefteiysrM. 

£0018] 8pe,Ciflcaliy, in the first inspectbn, the inspect 
fkmts carried out by observing the contrast in reflection 
0ttis6 iK^^on Hght between the surface of the buflFer 
layitiir 13: ni^poaed in the area where the absorber layer 

w 14 te reflKwad artd the surface of the absorber layer 14 
m the area where the absorber layer 1 4 remains. On th& 
other hand, in the inspection for final confinmalion, tfse 
inspection Is carried out by the contrast in reflection of 
the inspection tight between the surface of the multilayer 
reflective film 12 exposed in the area where the buffer 
layer 13 is removed and the surface of the absorber lay^ 
er 14 in the area where the absorber iayer 14 remains, 
[0019] Therefore, if the difference in reflectivity be- 
tween the surface of the buffer layer 13 and the surface 

30 of the absorber layer 14 for the wavelength of the in- 
ape^tign tight is srttallt the conUsst durlhg the first in- 
sfiection is infetlor so thdt the flr^ inspection can not 
accurate^ be canrted out. If the differenee In reflectivity 
between the surface of the multilayer reflective film and 

35 the surface of the absorber layer for the wavelength of 
the inspection light is small, the contrast during the final 
inspection is in^dor ,$(^ that the final tnapecfNin caa not 
accurately be carried out 

[CfOZO] For examp^s, b) cssa vt^ere thd deep ultravio- 

40 ° let light having a wava^nglh of 257 nm fa used as the 
[hspeotibn li^t, lha raHaCtiwiy of Ta or the Ta alloy used 
as iis abfitinrbdr layer ht the £UV tight is ss relatively 
high as about 35%, On the other hand, the reflectivity of 
the buffer layer is about 40% in case of SiOa and about 

45 50% in case of Cr. Therefore, the difference in reflectivity 
Is small so that a sufficient contrast can not be obtained 
in the pattern inspection. A mo/S'i periadic muiiilayerfiim 
generally used for the exposure light having a wave- 
length of about 13 nm has a reflectivity of about 60 % 

so for far ultraviolet light. In this case, it is also dilFicuit to 
achieve a isontrast sufficient to obtain an accurate result 
in the inspection for final confirmation. 
[0021] On the other hand, it is possible to decrease 
the reflectivity for the inspection light by roughening the 

65 surface of the absorber layer. In this case, however, 
edge roughness after pattern formatksn is increased so 
that the dimensional accuracy of the mask Is degraded. 
[0022] In order to decrease the reflectivity. It is efliec- 
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tive to add nitrogen. However, tantEdum nttficte ■{TafO 
CQntalfiIng Ta with nitrogen aided thereb is a ciyi^Rine 
sttbstanes. In particutar, if a metat film !s used as ttie 
^yfer layer, a TsH film formed thefsert has a granular 
structure. In this case ateo, the edge rtMjghhess after 6 
pattern formation is Irtorisaised and the dim&rtstorial eo- 
cunscy of the mask is degraded . 

Disdosure of the inverftion 

E&023] It Is an abject of this invention ^a 'provide 
flectlve niask and a reflective mask blank which enable 
mask pattern inspection to be accurately and qutekly 
carried out and to provide methods of produdng the 
mask and the mask blank. « 
[0024] As a result of diligent study in order to achieve 
the above-menttaned object, the present inverrtor t\as 
found out that, by functionally separating an absorber 
layer on a surface of an existing mask^JntbT a\i0^^pi 
absorbing exposure light and a layer h||jng*aTov&fre- 20 
flectlvlty for a mask pattern tnspeclion u^elef^gth and , , . 
by laminating these layers, a sufficient c»nlraBt:^jW^ ' 
talned upon pattern inspection. .' "^'n; 

[0028] Specifically, a mask blank according to this In- 
vention is a mask blank comprising a substrate on which 2S 
a reflective layer for reflecting exposure light In a short- 
wavelengtii region including an E\N region , a buffer lay- 
er for protecting the reflective layer during formation of 
a rnask pattern, and an absorber layer for absorbing the 
exposure light are sucoesslvety fbnned, wherein the ab- so 
sorber layer has an at least two^ayer structure including 
as a I ower layer an exposure light absi^ng {aysr^Aqm- 
prlsing an absoiter for the exposure ^ight wjtMh^ 
■ short-wavelength region including the £0V region and 
as an upper layer a low-reflectlvlty layer comprising an ss 
absorber for inspection light used in inspection of the 
mask pattern. 

[0026] A reflective mask according to this invention is 
obtained by patterning at least the low-reflectivity layer 
and the exposure light absorbing layer in the abo,y,e- 'io 
mentioned mask blank. 'ii^'^ii^v ^ 

IP0271 The rsMectlve mask accorduinf^pii^^^^fi 
Is apptkiat^e to a mask for EUV light. Thfffxpi^iir^ l^jhi 
has a vravelength within the EUV reghjil, sjpeclflo^^t,'.; 
within a wavelength region of several nanometers l6«fiC) w 
nanometers. - ' 

[002Sr| Specificalty, the iow^reflectrvity layer as an up- 
permost layer may be formed liy a matedal having a low 
relisctiVity Ibr the wavelength of the mask pattern in- 
spection light. so 
[0D29] In this Invention, the absorber layer has a lam- 
inated structure in which the absorber layer is funcHon- 
ally separated into the layer for absorbing the exposure 
light (exposure light absorbing layer) and the low-reflec- 
tivity layerforthe inspection light. With ihis stl-uctiii^jjan 55 
exposure light absorbing function as a primary fiinoSbifi 
is not impaired and the reflectivity for the pattern inspec- 
tion wavelength is remarkably decreased by the tow-re- 
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flecth/ity layer fbrmed on an uppermost suiface. Thus, 
a dWfiareRCe in refleetiyity t}stv«fH»i the surlK^ of the 
low'cefledlvity layer and the mmm the HifS&t layer 
exposed atter Itie absortter l8)<er is removed &y psUerrt 
fmystian is Ifiicreesed at thie pattern Inspec^n Wave- 
length. TheTefi)(«, a suffkiisjft ccirrthaistitpttn Inspet^h 
is SGhteved mi a reflected Image pattern of a hl|h con- 
trast is fortmed. Consequently, it Is possible to accurately 
and quickly inspect the rnask pattern by the' use of a 
mask inspeciiq n apparatus mm at present, 
[003Q] By functionally separating the absorber layer 
into Ufe layerforabsorblhg the exposure tight (exposure 
light absorbing layer) and the iow-reflectivity layer for 
the inspection light, it Is possible to optimize light ab- 
sorption and light reflection characteristics indlviduaily 
for tile exposure light and the inspection light and to fur- 
ther reduce the thickness. Although the atjsorber layer 
has a laminated structure, the thickness Is suppressed 
to a level equivalent to that of an existing single-layer 
structure. Therefore, it is possible to suppress blurring 
at an edge portion of the pattern during exposure. Fur- 
ther, by reducing a processing time for pattern forma- 
tion, a pattern damage is minimized to achieve an Im- 
provement hi quality. 

[COM] Preferably, the exposure light absorber of the 
lower layer in the sbsortier layer is made of at least wis 
substance selected from a lower layer substance group 
IndudSng one element selected from an- element group 
including, for example, chromium, manganese, cobalt, 
copper, zinc, gallium, gemitanium, molybdenum, palla- 
dium, silver, cadmium, tin, antimony, tellurium, Iodine, 
hafnium, (ahtaium, tungsten, titanium, and gold, s sub- 
stance containing at least one of nitrogen and oxygen 
and the above-mentioned one element selected, an al- 
loy containing one element selected from the element 
group, and a substance containing at least one of nitro- 
gen and oxygen and the above-mentioned ajtoy. 
[0032] The above-mentioned alloy containing one el- 
ement includes an alloy of the above-mentioned ele- 
ments, such as a tantalum gennanium alloy (TaGe), an 
alloy with silicon, such as a tantalum. silicon alloy (TaSi) 
or a tantalum germanium slibon alloy (TaOeSf), an alloy 
with boron, such as a tantalum boron alloy (TaB), a tan- 
tafurn silicon boron alloy (TaStB), or a tantalum genna- 
nium boron alloy (TaQeB), and so on. 
10033] Preferably, Oie inspection light absorter form- 
ing the low-reflscUvlly layer as the upper layer of the ab- 
s(Ht)er layer Is made of at least one substance selected 
from an upper layer sut^ncs group bncluding one of 
nitride, o)dde, and oxynltrlde of a substance fbnming the 
exposure light absoiter, one of the nitride, Qie oxide, 
and the oxynitride with silicon added thereto, and oxyni- 
tride of silicon. 

[0034] A method of producing a mask blank according 
to this invention comprises steps of forming on a sub- 
strate a reflective layer for reflecting exposure light in a 
short-wavelength region Including an EUV region, form- 
ing on the reflective layer a buffer layer for protecting 
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the f8f!scti».« Isysr sJuHnn fnrmatfen of » mask patlsmi 
forming on tha buffer layer an exposure lighi absorbfug 
layer for the exposure light in the short'Vi^v^l^th 
gion Inolutiing the EUV region, and fbr^q^i^^f |j!ff* 
posure light absorbing layer a low-refiecflp^ h'y&pfor 
inspection light used in inspection of the masi<,pauerj)^. 
Depending upon a material of the absorber, the loi^-f^^ 
fiectlvity layer for the inspeclion light used in the inspec- 
tfoh of the rinask pattern may be formed by treating a 
surface of the exposure iiohl absorbing layer for the ex- 
posure tight In the short-wavelength region including the 
EUV region after the exposure light absorbing layer is 
formed on the buffer layer. 

[0035] In the latter technique, a work can be simplified 
and a working time can be shortened. 
1^036} In the methpd of producing a mask blahK iao- 
cording to tiite Invention, Il ls preferaias to oBtalff^% 
latlonsli^i betMeen a thickness of the Iovi)fr,il^Mv% 0-i 
erfomned on ttie exposure tight absorbing layer for the 
exposure light and the'rdflectMly on the low-refleGtlvtly 
layer for the inaction light wavelength and to select 
the thkjkness of the low-rdnecUvtty layer so that the re^ 
flecUvlty on the tow-refiectivlty iayer lt>r the Inspection 
light wavelength Is minimized. 
[00371 The reflective mask according to ihis|T^nton 
Is produced by patterning the '''^■'^f^|?'^p^j^^^|||, 
upper layer and the exposure light ab8^ng|lyl^S 
the lower layer which form tha absorb&f layer' djf tli^ 
mask blank. Preferably, after Uie low-ref(jsctiV!ty 1e#r ' 
and the exposure fight absorbing layer are p^t^i^,' 
the buffer layer is removed hi an area where the kw- 
refleotivlty layer and the exposure light absorbing layer 
are removed, By removingthe buffer layer, the reflective 
mask is improved in refflecflon characteristic for the ex- 
posure light. 

[0036] As a result of diligent study in order to achieve 
the above-mentioned object, the present inventor hae 
found out that, lay seiectirrg a specific material as the 
material of the absorber layer, a 8ufncle|if contrast ob- 
ta&ied In pattem inspection without de^radrn^ 
mensionaiaceuraoyofthemaek. ' ' W^' 
fOOSS] Tlie present Inventor has found out that the 
above-menitoned ob^ot is achieved by using as the ab- 
sorber layer a material containing tantalum, boron, and 
at least one element selected from oxygen and nitrogen. 
[OMO] Speciflca! ly, a reflective mask blan k according 
to this Invention Is a refiective mask biank comprising a 
substrate on which a multiiayer reflexive fllm-j^^l^- 
Ing exposure light and an absort)er!'ia|S'tB^¥^9 
the exposure light are successively forml|, witfi a tiiJ^r 
layer fbmied between the multilayer reflecUvq fiirjri atid 
the absorber layer to protect the muitilayerrefi$'cti^^Mt 
during etching for pattem formation on the absor&erliy- 
er, where in th e absorber layer is ma de of a material con- 
taining tantalum (Ta), boron {B}, and nitrogen (N), the 
composition of Ta, B, and N being selected so that the 
content of B is 5 at% to 25 at% and that tha rafio of Ta 
and N (Ta ; N) failing within a range of 8 : 1 to 2 : 7. 



[0041 1 Allematlvely, a reflective mask blank accord- 
ing to this invention is a reflective mask blank com prising 
a substrate on which a multilayer refiective film for re- 
flecting exposu re light and an absorber lay er for absorb- 

6 ing the exposure light are successively formed, v/ith a 
buffer (ayerformed between the muitiiayerreffBctivefiim 
and the absorber layer to protect the multilayer reflective 

■ film during etching for pattern fomation on the absorber 
layer, wherein tlie absorber layer Is made of a material 

10 containing fantaium (Ta). boron (B), and oxygen (O). In 
this case, the material of the absorber layer may further 
contain nitrogen (N). 

[0042] Preferably, the material of tlie absofbar teyer 

has an amorphous state, 
is [0043] Pref«rBl:Hy,the.!)ufPerlqtysrqqmbin9d Willi the 

materia! of the absorber layer In this inventkjn is made 
, ; of B material eonta^ing Ghromlum (Cr). 

[00441 A renectlye mask according to this invention Is 

obtained by patterning the abswfaer layer of tha refieo- 
20 tivs mask blank. 

Brief Description of the Drawing 

[0045] 

28 

Fig. 1 shows schematic sectional views iilustrating 
a production process of an exlstirig refteotive mask. 
Fig, 2 is a schematic sectional view of a mask blank 
according to a flrst embodiment of this Invention; 

30 Fig. 3 is a schematic sectional view of a reflective 
mask formed by using the mask blank in Fig. 2, 
Fig. 4 Is a view for describing this invention, in which 
a 'refieotivity R at an inspection wavelength of 190 
nm in case where a |ow-re1tectiv(ty layer Is formed 

3S to a thickness of 10 nm by the use of materials hav- 
ing various values of a refractive Index n and an ex- 
tinction coefficient k is plotted on axes n and k; 
Fig, 6 Is a view for describing this invention, In whteh 
a rsfleotivity R at an inspectton wavelength of 260 

4d nm in case where a low-reftaclivlty Is formed 
to a Ihlokness of 1 0 nm by the use of materials hav- 
ing various values of a refractive index n and an ex- 
tinction cdefficient k is plotted on axes n and k; 
Fig, 6 is a view for describing this Invention, In which 

43 a reflectivity R at an inspection wavelength of 190 
nm in case where a iow-refieotivlty layer is formed 
to a thickness of 20 nm by Uis use of malerisls hav- 
ing various values of a refractive index n and an ex- 
tinction coefficient k is plotted on axes n and R; 

so Fig, 7 is s vlewfor describing this invention, in which 
a reflectivity R at an inspection wavelength of 260 
nm in case where a low-reflectivity layer is formed 
to a thickness of 20 nm by the use of materials hav- 
ing various values of a refractive Index n and an ex- 

56 tinction coefFlclenl k is plotted on axes n and k; 

Fig. 6 shows schematic sectional views illustrating 
a produc^bn process of the reflective mask In Fig. 3. 
Fig. 9 is a schematic view of a pattem transfer ap- 
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paratus using the rsflective mask in Fig. 3. 
Fig. 10 Is a vi.ew showing values of the reflectivity 
for lights having wavelengths fram 190 nm to 69Q 
nm in an example 1-1 of this Invention and In the 
existing reflective mask. 

Fig. 11 Is a view showing value? of the rsflectivity 
for lights having w/avelsngths from' 19|).;nnR?^C;®0 
nm in an example 1-2 of thfe invefij^'WdilA'^jet 
exIsUng reflective masli, ■I'l ' 

' Fig. 12' is a view showflng values of iBe tygeoti^ 
for lights having wav^engVbsfram \90 nm-\d;^ 
nm In an example 1-3 of this Inventton andijitBe 
existing reflective rriask. 

Fig. 13 is a view for describfng s "feBNmBO inter- 
mediate region In an example 1-11 of this Invention. 
Fig. 14 show schemaflc sectional views for describ- 
ing a production (ntKsess of a renective mask ac- 
ooraing to a second einbodimwt of this invenflon. 
Fig. 15 is a schematic view for d^riblng an inspec- 
tion method for an absorber pattern of the refleqtive 
mask according to the second embodiment Qf'j|W8 
invention. .;, 
F!g . 1 6 Is a schematic view for desoribing an inspec- 
tion method for an absofber patfem of the reflective 
mask according to the second embodiment of this 
invention, 

Fig. 17 Is a schematic view of a pattern transfer ap- 
paratus for carrying out pattern transfer onto a sem- 
iconductor substrate by the use of IJie^ 
mask In Fig. 14. 

Best Mode for Embodying the Invention 



[Firat Embodiment] 

tp046] Now, a first embodiment of this invention Will 
be described in detail with reference to the drawing. 
[00471 Fig . 2 is a schematic sectional view of a mask 
blank according to the first embodiment of this invention 
and Fig. 3 Is a schematic sectional viev/ of a reflective 
mask formed by using the mask blank In Fig. 2, 
[0048] The mask blank according to the first embodi- 
ment of this invention has a structure iifbstrated in Fig, 
2. Specifically, the mask Wank 1 comprises a' substrate; 

1 1 on which a reflective layer 1 2 for reflecting expo^flre 
light In a short-v/ayelangth region Including an EUV re- 
gion, a buffer layer 13 for protecting the reflective layer 

12 during formation of a mask pattern, and an absorber 
layer 1 6 for absorbing the exposure light are succes- 
sively formed, In this embodiment, the absorber layer 
1 6 has a two-layer structure comprising as a lower layer 
an exposure light absorbing layer 14 fon|ii^dsgy,^yn^p; 
sorberforthe exposure light in theshpct-M^vej^^i^^i- 
gion Including the EUV region and as ah^pj^riayeir^a 
low-reflectivity layer 15 for inspection llgijt uspdjn ji^ 
spedion of th e mask pattern. . j^f;' 
[0048] As shown in Fig. 3, a reflective mask 2 in this 
inventton is obtained by patterning at least the absorber 




layer 16, i.e., the iow-reflectivlty layer 15 and the expo- 
sure tight absoitlng lapr 14, in the mask blank 1 , 
{0050} In the reflective mask In this Invention, the ab- 
sorber layer has a laminate structure in which the sb- 

5 sorber layer on a the surface of the rtiask is funGiionally 
separated Into a layer for atraorbing the exposure light 
and a layer having a low reflectivity for a mask pattern 
Inspection wavelength. Thus, a sufficient contrast dur- 
ing InapecttoFi of the mask pattern is obtained. 

10 [OOSI] The reflective mask in this invention makes it 
possible to transfers fin^ paUern beyond a transfer Hmit 
by the known photolithography. Therelbfe, the refldctlve 
mask may be us^ in lithography using light in the short- 
wavelength' regH)n Induding the EUV regton and may 

16 be used es a r^ac^ve mask for the EUV light. 

[(WS2] Next, description wlil be made of a structure of 
each layer. 

[0053] Generally, a quartz glass or a silicon w^er op- 
tically polished appropriately is gsed as the substrate 
20 1 1 , The size and the thiokness of the substrate 11 are 
appropriately determined depending up<»i designed 
values of the maak and may. have any desired values In 
this invention, 

[0054] The exposure light reflective layer 12 is fornied 

2S by a material reflecting the exposure light Jn the short- 
wavelengtfi region including the EUV region. As a mat- 
ter of course, it Is particularly preferable to fomn the re- 
flective layer by a material having an extremely high re- 
flectivity for the light In the short-wavelength region such 

30 as EUV light because s contrast vvihen used as a reflec- 
tive mask is enhanced. For example, as the reflective 
lay^er for the EUV light having a wavelength of about 
1 2-14 nm in a sofl'X-ray regton, a periodic laminate film 
con^rlslne thin fltms of sINoon (Si}* and molybdenum 

3S (Mo) attemateiy laminated. Typioaliy, these thin films 
' (having a thickness on the order of several nanometers) 
are laminated in 40-50 periods (the nbmbsr of pairs of 
layers) to forni a multilayer film. The multilayer film is 
deposited, ibr example, by ion beam sputtering or mag- 

40 netron sputtering. 

[0055] described above, the bulfer layer 13 Is 
formed in order to protect the reflective layer 12 as an 
underlying layer from being damaged by etching when 
the mask' pattern is formed on the absorber layer 16 for 

45 the exposure light on a surface as described above. 
[0056] Therefore, as a material of the buffer layer 1 3, 
selection is made of a substance which is hardly affect- 
ed by etching of the absorber layer 16 on the surface of 
the mask, i.e., which Is lower In etching rate than the 

50 absorber layer 16 and is hardly subjected to an etching 
damage and which can be removed later by etching. For 
example, substances such as Cr, Ai, Ru, Ta, nitride 

^ thereoT, SiOj, SI3N4, and AI2O3 are preferable. From 
these substances, an appropriate substance is selected 

55 taldng into account the material of the absorber layer 1 6 
and the etching technique. The buffer layer 13 must be 
removable later in the following reason. By removing, 
after the absorber layer 1 6 is patterned, the bufiiBr layer 
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13 in m area whsre ths afcsorSssrle^-^Mg is rsmsseS 
to expose the surface of the reftsctlvB layer 12, the nei- 
flection qharaclsristic of the r^flecfiva trtdSfefer tile ex- 
posure light is Improved. Thus, such rerROvat of the Nfr 
er layer Is desirable. If the above-imntfpned substance 
such gs Cr is selected , the buffer layer 1 3 is given a func- 
tion as an exposure tight absorbing tajfer because tne 
substance has an absorption characteristic for the EUV 
light. Correspondingly, the thickness of the absorljef lay- 
er 1 5 as an Dvsrlyir]^ layer can bs raducsd. It is thsr^ors 
possible to suppress blurring at an edge portion of the 
pattern during exposure. Further, a pattern damage is 
reduced by shortening a processing time for petlem for- 
mation, In this case, however, it is essentia! to remove 
the buffer layer 13 in the area where the ab5Pi^«r'!aS>'er 
16 is removed by patterning, '"^'.^"'7 '-.'.'s^fv-S:' 

[0057] It is desired that the thiottness of ftieljlifferfey^ 
er 13 is small. This is ^sn^s, if ths fM^ne9» lif 
buffer layer 13 is larger » i09fsne» In he1gm.t>etl^h 
the surface of the reflective layer 12 arid the surfsoe of 
the absorber layer 16 is IrwjrpasBd ee te olMoua from 
Fig. 3, In this event, there arises s dfeadvarttage that the 
edge portion of the meek patterA blurs in refatioh to an 
optical path of EUV exposure with an Incident angle of 
about 5 degrees. Further, also In case where the buffer 
layer 13 is later removed by etching, a reduced thiclt- 
ness is desirable because the processing time can be 
shortened. Therefore, the thickness of the buffer layer 
13 Is 1 00 nm or less, preferably 80 nrn or lass. :, ' . 
[0058] The buffer layer 13 may be dep^bjted by ai x<^l,- 
jcnown deposition technique, such ee magn^Km 
teiing and tor) i>eaffl sputtering, like in case of tt^e reftsc- 
tive %er 12. 

[OdSSJ The buffer layer is provided if necessary. De- 
pending upon the method and the condition of pattern 
formation onto the absorber, the absorber layer may be 
formed directly on the reflective layer, , ^ ^l^^ , 
[0060] As already described, the al)^6ife^^^|^B 
has at two-layer structure including ^s, |P 
the exposure light absorbing layer 14 corf^lijg the ab- 
sorber for the exposure light in the 3hort-Wavefea^tl||S' 
gion including the EUV region and as the uppeJrpjjBsr 
the low-reflecUvlty layer 15 for the inepecUon ligiit used 
In inspection of the mask pattern. In tiis InvenUon, the 
absditer layer 1 5 has a laminated structure In which the 
absorber layer la functtonatly separated Into the expo- 
sure light absoAing layer and the low-reflectivity layer 
for tim Inspection ligtrt, 

p)061] The exposure light absorbing layer 14 as the 
Ipvrer layer is made of a material absorbing light in the 
ahort-wavsiength region, such as EUV. Pref^rably. such 
exposure tight absorber is made of at»least one-SBb- 
stance selected from a iowrer layer substance grciilpin- 
cluding one element selected from an element group in- 
cluding, for example, chromium, manganese, cobalt, 
copper, zinc, gallium, germanium, molybdenum, palla- 
dium, silver, cadmium, tin, antimony, tellurium, iodine, 
hafnium, tantalum, tungsten, titanium, and gdid, a sub- 




stense containing st least one cif nitrogen and oxygert 
and the above-mentioned one element selected, an al- 
loy eontaining one element selected from the element 
group, and a substance containing at least one of nitro- 
5 gen and oxygen and the above-mentioned alloy. 
[00621 For example, in case of tantalum, use may be 
madeof a tantalum element (Ta), tantalum nitride (TaN), 
tantalum oxide {TaO), tantalum silicon alloy (TaSi), tan- 
talum silicon nitride (TaSiN), tantalum boron alloy (Ta&), 
*o tantalum boron nUride (TaBM), tantatum germanium al- 
loy (TaGe), and tantalum germanium nitride (TaGeN). 
[00B3] As minimum characteristics required for the in- 
spection light low-reflectivity layer 15 as the upper iayer, 
it is essential to exhibit low reflection for the masi? pat- 
15 tern inspection wavelength, to allow pattern formation, 
not to be etched when flte buffer layer is etched off (to 
have an etch selectivity with respect to the buffer layer). 
Further, tp|»9V9«n HUV light absorbing function iamore 
pfef(»akile ^tise m total tUksicneee of the absorber 
20 ii^ysrl^oen be reduced. 

i;il&64} The' ihspecfion of the mask pattern is genenstly 
tsmsi dttt by the use df deep ultraviolet light having a 
wani^iettgth on the order of 190-280 nm, for example, 
light having a wavelength of 257 nm mentioned above 
2a or 1 93 nm. As a material having a low reflectivity forsgch 
inspection light wavelength, use may be made of, for 
example, nitride, oxWe, or oxynttride of the subsiance 
forming the exposure light absorber, a material contain- 
ing silicon in addition thereto, or silicon oxynitride. 
30 [0065] As the material of the iow-reflectivily layer, nl- 
. trlde has an effect of lowering the refleotivity at &ie In- 
spectfon wavelength ahd, in case a polycrystairme 
film, has an effect of reducing a crystal grain size to im- 
prove smoothness. Oxide has a greater effect of lower- 
as ing the reflectivity at the inspection wavelength than that 
of nttrtde. ailkilde has a less effect of lowering the reflec- 
tivity ettthe Inspectien wavelength but has an effect of 
' ■ widehthgavw(vetengmr8#)rtijverwhichtherefiectiyity 
Is towered. TJiUa, nlWda or Oklde provides a curve hav- 
<« in^ A minlmtiffl value of refjeetlviiy at a ^ecifle w«ve^ 
ieiif th portk>n. tf sllloofi is added td ti09« subststnoes, 
a tow nefleotl^ is oi^ined tn a wider wavelength range 
(see Figs. 10 and 11 In Example 1-1 and Example 1-2 
which will later be described). When the low reflectivity 
45 Is obtained in a wider wavelength range, it Is possible to 
flexibly accommodate the change in inspection wave- 
length. Further, the change in refiBcilviiy is small even 
if the minirnum value Is shifted due to the change in 
thickness of the uppennoat layer. Therefore, an allow- 
so ance value for deviation from a designed thkikn«s is 
increased so that a constraint impost upon production 
is relaxed. 

[0066J Therefore, as the material of the low-reflectiv- 
ity layer, nitrogen or oxygen must be contained in a com- 
es pound. As described above, the low-reflectivity layer 
preferably comprises at least one substance selected 
from an upper layer substance group including nitride, 
oxide, or oxynitride of a substance forming the exposure 
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light absorber, a auiastance containing one of nstricfd/ox- 
ide, and oxynilride and silicon, and silicon oxynitride. 
[0Q57] Boride does not much contribute to the reflec- 
tivity but is Involved in amorphrzstion of afflm to cprM> 
uie to the gmooihneas of the fiim. Thererare, 1;^ coniain- 3 
ing boron into the compound, the smoothness of ttisfHin 
of the tow-reflsotivlly layer Is improved. 
^06&] Herein, specific examples of the mater al of the 
low-reflectivity layer will be given; oxide, nitride, or ox- 
ynitride of a metal used as the exposure light absorbing lo 
layer as the tower layer, oxide, nitride^ or oxynitrld^ypf 
an alloy of boron end the metal used as. the expostiine 
light absorbing layer as the lower layer, oxide, nitride, or 
oxinltride of an aRoy of silicon and the metel used as the 
exposure light absoibktg taysr as ttielowsr lay er, oxide, i6 
nitride, or oxyrtKride of em siloy of silicon , boron, and tiie 
metaf used as the exposure light absortiing layer as the 
lower layer, and ^ on. For example, if tantalum is used 
as the metal of the exposure tight absorber, use ma/ be 
made of tantalum oxide CteO), t&ntaiurn Mtidi ^TiH), 20 
tantalum oxynitride (TaNO), tantalum iboron ox,ide 
(TaBO), tantalum boron nitride (TaBN), tantalum boron" 
oxynilride (TaBNO). tantalum silicon oxide (TaSlO), tact' 
talum Biilcon nitride (TdSiN), tantalum silicon oxynitrrife 
(TaSION), tantalum siHcori boron oxide (TaSiBO), tan- 
falum silicon boron nitride (TaSIBN), tantalum silicon bo- 
ron oxynitride (T^SiBNG), tantatum germanium nitride 
(TaGeN), tantalum germanium oxide (TaGeO), tantalum 
germanium oxynitride (TaQeNO), tantalum germanium 
silicon nitride (TaGsSIN), tantatum germartlum silicon 30 
oxide (taOeSIO), tantalum g^manlum silicon oxynitride 
{TaOeSiNQ}, and so on. 

[pQft^ Wheiithethtcknesdofiheiow^i^ectMtyi^r 
Is changed, a position of the mlnlmunil V«^ue of ^^i: 
fledjvlty curve is shifted. For exampfe, tA ease bf £1 tifi- ss 
tatunrv^ased matafiai euch as 1^0 orTaSiON or a mo- 
lybdenuirwbased material, the position is shifted to- 
vrards a longer viravelsngth if the thicltneas Is incraased. 
Therefore, by changing the thickness of the iow-rsfleo- 
Uvity layer, the reflectivity at a specific wavelength Is fo 
changed. Accordingly, it Is possible to control the reflec- 
tivity by adjusting, Hie thlduiess to 8ome^§i^f|t 
the reflectivity at the inspection vraviie^iKliVitlm^ 
However, sinbe an excessively large thickness of^lni ; < 
low-refiectivity layer is not preferable as yilli later lie fe* 4S 
scribed, the thickness is adjusted wUhin s ran^f Ip- 
tween 5 and 30 nm, preferably between 10 and lontn. 
By changing the composition ratio of tlie material of the 
low-reflectivity layer, for example, the composition ratio 
between a metal and oxygen or nitrogen, tiie reflecthnty so 
is changed. Generally, when the composition ratio of c^- 
ygen or nitrogen is increased, Uie reflecUvity Is iowared 
and the absorptivity fbr the EUV light tends to be tow- 
ered. 

IP070I Comparing nitride and oxide, there Is a tenden-. S5 
cy that oxide has a greater effiact of loweritig'the 
tivity as described above. Therefore, Ai, the matSsrialof 
the low-raflectivity layer, a mate rial containing a metal, 
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oxygen, and silicon (for example, a material containing 
a metal, oxygen, and silicon as malh components, a ma- 
terial containing a metal, silicon, oxygen, and nitrogen 
aS' main components, and so on) is most preferable in 

vbw uf a icJW reflBCtiviiy and a wide wavelengih rar'igs 
over which the reflectivity is lowered , Herein , it is further 
preferable to use a metal element used as the exposure 
light absorber because the low-reflectivity layer has an 
EUV tight absorption function. 
($071] Although the wavelength region over which the 
reflectivity is lowered is snghtiy narrower, oxtde without 
containing sHicon provldB$ a tow raftec^jty in a specific 
wavelength region. Depending upw the mfpterial, mere 
Indusion of nitrogen may not previde a sutTteient reduc- 
tion in rtftees^vlly but, as compared wKI? a metai element, 
riitride thererf is towered in hsflaotlvity, Fprliier, addition 
of nitrogen provides an effect of improvihg the smooth- 
ness of the film as described above. If the smoothness 
of the film is poor, edge roughness of the pattern Is in- 
creased and the dimensional accuracy of the mask Is 
degraded. Therefore, the film is desirably as smootli as 
possible. 

10072] As the material of the low-refleotlvily layer, use 
may be made of a material which does not contain a 
metal but comprises, for example, silicon, nitrogen, and 
oxygen (silicon oxynitride). in this case, however, the 
effect of absorbing the EUV light in the low-reflectivity 
layer is small. 

[007S\ For example, if the low-refteolivity layer com- 
prises a material containing a metai, SI, N , and 0, a com- 
position ratio for obtaining s low reflectivity at the deep 
uhraviolet light of about 190-260 nm as the Inspection 
wavelength Is preferably 20^25 metal such as tan- 
talum, molybdenum, or chromium, 17-23% SI, 15-20% 
Kl, and the balance O. The ratio of Si and O is preferably 
1 ;1.5to1 :2. . 

[0074] in order to obtain a smooth surface of the ab- 
sorbing layer, the tow-reflectivity layer preferably com- 
prises a film having an amorphous structure. For exam- 
ple, In case of Ta, amorphlzatlon is achieved by inclusion 
of an appropriate amount of 1^. 
[0075] Addition of Si or Ge to Ta also provides the film 
having the amorphous structure and is therefore prefer- 
able. 

[D076] For example, in case where the tow-reflecttvity 
layer comprises tentaium boron nitrids'TaBN), the oorir 
lent of N is preferably 30-70 at%, more preferably 40-60 
at% as the composition ratio for obtiaining the low reflec- 
tivity at the above-nnentioried inspection wavelength. If 
the content of N is small, a sufficient low-refteotion char- 
acteristic can not be obtained. On the contrary. If the 
content Is excessively large, acid resistance is degrad- 
ed. Further, If both of the low-reflectivity layer and the 
absotting layer under the low-reflectivity layer comprise 
the tantalum boron nitride, the content of N in the low- 
reflectivity layer is 30-70 at%, preferably 40-60 at% 
while the content of N In the eiq^osure light absorbing 
layer is 0-25 at% , preferably 5-20 at%. A smaller content 
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of N in ths absorbifig Ssyer is not pssferabte in vtew of 
the surface roughness. On the contrary, a greatw can- 
tent lowers the absorption coefnCientfor the EUV light. 
[0077] In case of the TaBN film, the content of 8 is 
5-30 at%, prefsrafaly 5-25 al%. The ratio of Ta and N is 5 
preferably 8 : 1 to 2 ; 7. 

(0076] !n case where the iow-refleclj\flty layer dom- 
prtees tantalum boron oxide (TaBO), th'e^c^ntant of ^itSf 
30-70 at%, preferably 46-60 £st%. If the content of 6'i's 
smali, the !QW~rsf!eot!on oharaGteristic can not be ob- « 
tatned. On the contrary, if the content is great, insulation 
is increased so that charge-up occurs t>y electron beam 
irradiation, In case where the iow-refiectivity layer com- 
prises tantalum boron oxynitride (TaBNO), it is prefera- 
ble that the content of N is 5-70 at% and the content pf is 
01s 5-70 at%, i\t^'^%^f-\k^ ■ 

10079] in case of the TaBO film, it i^^lf 
the content of B is 6-25 Bt% and ttie ratil of Ta sindp • 
fells within a range of 7 : 2 to 1 : 2. In oa*0 M thite©Ni: . ■ 
flim, it Is preferable that the content cd* B ]s 5-25 S#r|P 20 
the ratio of Ta and N+O. I.e., Ta : (N + 0) falls wtthiri a 
rangeof7:2U)2;7, 

[0080] In each of the above-menitioned substances 
containing boron, the ratio of B b preferably 5-30 %, . 
more preferably 5-25 % , in order to form the amorphous 25 
structure, 

[00B1] In the meanwhile, description will be made of 
3 combination of materials of the exposure light absorb- 
ing layer 1 4 as the lower layer and the low-refledflvlty 
layer 1 5 as the upper layer. PreferaWy/ji metal u^^if 30 
the exposure ligirt absorbing layer 14 Is eiontained ln%^ 
tow-rBfiecBvi^ layer 15. For example. If a material con- 
taining tentaium is used as the exposure light absorbing 
. layer, the low-reflectivity layer is also made of a material 
containing tantalum. Specifically, as the exposure light 35 
absorbing layer, a material containing tantalum, for ex- 
ample, one substance selected from a Ta element, TfN, 
TaB, TaBN, TaBO, and TaBNO may be usej, Mttje jf^- 
reflectlvity layer, a material containing JSf^^j^ilfi^ 
trogen or oxygen , for ejwmpte, one stitSiciiSyeq^d ^ 
fnm -mo, TfeiBO, TaBNO, TaNO, Taaro|and JaSlpJl * 
may be used. Thus, the lowwrBflBctWity 'teyei';g<|fi|^ 
metal same as that of the exposure light abBorbIhgl%r 
provides varteus advantages. Specifically, since a metsil 
having en EUV light absqrptton ^jnction is contained, "s 
the low-reflectivity layer has the EUV light absorption 
function to some extent. Since materials high in etch se- 
iectivity are selected as the buffer layer and the expo- 
sure iigtit absorbing layer, the etch selectivity is basicaiiy 
large also between the buffer iayei" and the low-refiec- so 
tivity layer, The exposure light absorbing layer and the 
low-rBflectivity layer can be deposited Jn a ^me depc!- . 
sition chamber. The exposure light abtioiljiing la^fMb 
the low-refleotivity layer can be pattefried u'nderlfiS 
same etching condition-. 55 
[0082] It is more preferable to use a film having an 
amorphous structure or a fine orystaliine structure as the 
material of the lower layer because the film excellent in 



smoothness is obtainecl. 

[8083] As to the reflectivity, by obtaining the retatlon- 
ship between the composition of the material of the iow- 
refiectivity layer and the reflectivity on the surface of the 
absorbing layer and the relationship between the thick- 
ness and the reflectivity, it is possible to determine me 
composition and the thickness with which the low reflec- 
tivity is obtained at the inspection wravelerigth used, 
[0084] In the reflective mask and the reflective mask 
blanic according to this invention, the surface roughness 
of the surface of the absorber layer is preferably 0,5 
nmRms or less, more preferably 0,4 nmRms or tess, fur- 
ther preferably 0,3 nmRms or less. If the surface rough- 
ness of the surface of the absorber layer Is large, the 
edge roughness of the absorber pattern is increased 
and the dimensioftat accuracy of the pattern te degrad- 
ed. As the psittem is finer, the influence of the edge 
n)ughness is rsmarfcat^le and, therafofe, the surface of 
the absotbsr layer Is required to bs smooth. 
[0085] in order to reduce the surface roughness at the 
mifat& of the absorber, it Is efltective that the upper layer 
of the absorber layer (i.a,, the iow-reflectlvity layer) com- 
prises a film having an amorphous structure. It is further 
preferable that the lower layer of the absorber layer also 
comprises a Rim having an amorphous structure or a 
fins crystalline structure and Excellent' in smoothness, 
In ease where tlie buffer layer Is provided, it is necessary 
to use a smooth film as the bulfer layer. 
[0086] I^Jext, description will be made of a combination 
of the materials of the exposure light absorbing layer 14, 
the lov^reflectivlty layer 15. and die bufer laybr 13, in 
this invenfon, It is preferable that each of the exposure 
light absorbing layer 14 and the low-refleotivity layer 15 
is made of a material containing tantalum and the buffer 
iaysr 13 is made df a material containing chromium. By 
the use of the chromium-based material as the buffer 
layer, various advantages iare achieved. SpecificaHy, the 
buffer layer is given the EUV light absorption lltnctlon 
as described above. Since the reflectMty for the rnspee- 
tien light In the deep ultraviolet region Is about 40 %, It 
is jeasy to design the refleofivity ao that the reftecUvity 
for Mie Inapsctlon wavelength is lowered successively 
from the surface of the multilayer reflective film, the sur- 
face of the buffer layer, and the surface of the absoitsr 
layer. The etch selectivity with the absoflser layer con- 
taining tantalum is iarge. Further, when the buffer iayer 
is removed, almost no damage is given to the multilayer 
reflective film. 

[0087] As the material containing chromium used as 
the buffer layer, use is preferably made of, in addition to 
a Cr element, a material containing Or and at least one 
element selected from N, 0, and C. For example, use 
may be made of chromium nitride (CrN), chromium ox- 
ide (CrO), chromium carbide (CrC), chromium oxyni- 
trida (CrNO), and chromium carboxynitrids (CrCNO). 
[00B8] For example, in case of chromium nitride 
(CrN), a preferable composition ratio of chromium and 
nitride is given by Cr,.xNx where 0,05 S X S 0.5, mors 
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preferably O.CS s X S 0,2. X smaller than 0.05 is rot 
preferable in view of the acid resistsnce, the fflm stress, 
end %e surface roughness, If X is greater than 0.5, the 
refledfvity for tiie inspection light is excessively lowered 
so tnatthe conirasi mm trie surface of the aosoiper layer 
is not sufficiently large. Further, a smg^Hjapiej^ijt p^^ for 
example, about 5% of oxygen, carbon, ePie fifte niay 
be added to chromium flIbltfB. A CrN fllrnfiaylrjg n f(n^ 
crystalline structure te pc«fBrabla bscBU6» of ^ 4^ 
lerit smooBirtess, - 
[0089] Preferably, the total thickness of the absorber 
layer 16 comprising the exposure light absorbing layer 
14 as the lower layer and the inspection light low-feflec- 
ttvlty layer 15 as the upper layer \» m&i This is because 
the etching process thtte upon pattemtng the abe^itier 
layer 16 ia proportisnal to the thkikness. tn the ebMdQ 
process, the surfaoa' of the Faslst pattern la damaged in 
correspondence to the etching proceae time proportion- 
al to the thkduiees of ttie absorber layec 16. Tbis bj^jgs 
about easy occurrence of nonuni^rm etching distt^jji'!' 
tlon within the plate resulting in an increase of mask pat- 
tern defects due to an increase In frequency of occu^ 
rence of white defects and black defects. Further, there 
arises serious prabiems such as reduction in mass pro- 
ducibility because a long time is required to repair those 
defects, and a resultant increase in cost. Further, If the 
total thickness of the absorber layer 16 is large, the dif- 
ference in height between the surface of.the;i^efl|pt|*e 
layer 12 and the surface of the ab3ortii^^p|^f^^r 
creased, like in the above^mefttloneci oSe where^tBI 
thickness' of me buffer layer 13 is large|; In tb^s' eUij^ 
there arises a disadvantage that an edge portFon'bj^ 
mask pattern blurs during exposure. ' 
[QSraj Thus, the total thlokneBS of the absorber layer 
18 is 100 nm or lesa, prefarably 80 nm or less, more 
preferably 80 rfm or less. However, If the Uiicknesa of 
th e absorber layer 1 6 is exoesslvely small, the exposure 
light absorption characteristic is degraded. Therefore, 
■ the thickness Is preferably 35 nm or more at minimum. 
[0091] In the absorber layer 16, the thickness of the 
low-refiectivlty layer 15 as the upper layer Is desirably 
smaller than the thickness of the exposure light atiap>?tj- 
ing layer 14 as the lower layer If the thiciknes&.'6fihe' 
iow-reflectivity layer 15 as the upper layer'ls excessively 
large, the EUV.IIght absorption characteristic of the ab- 
sorber iaysr 1 6 as a whole may bs degraded . Therefore , 
the thickness of the low-reflectivity layer 15 as the upper 
layer is preferably about 5-30 nm while the thickness of 
the exposure light absoriiing layer 14 as the kwer layer 
Is preferably about 30-60 nm. As described a|ove,i[ie 
absorber layer 16 has a laminated sto^^S^'^rt^.be 
suppressed to the thickness substantfa|^(^!^Me||l;tD 
that of the existing single layer etradureil^rther. by pro- 
viding the buffer layer 1 3 with the function as ttre k^^i- 
sure light absorbing layer, .It Is possible to corre^tpj- 
ingly reduce the thickness of the exposure light absorb- 
ing layer 14 as the upper layer even if the absorption 
characteristic thereof Is degraded. 



[0092] A preferable range of the total thickness of the 
buffer layer 13 and the absorber layer 16 is SO nm to 
130 nm. Although depending upon the material, If the 
total thickness is less than 60 nm, a sufficient EUV light 

5 aDsorpiion characteristic may not be ofaiained, If the to- 
tai thickness is greater than 130 nm, the probtem of 
shadow of the pattern itself is increased. 
lOOdS] Each of the exposure light absorbing layer 14 
and the low-reflectlvily layer 15 may be deposited by the 

io use Of a known deposition techriique, aueh as magnet- 
ron spil^eringi ion beam spMUiertng, CVO, and ^apor 
daposltion, the n»lte«t(veiayef 12 and the bulf^ lay- 
er 13 d^crlbad above. 
■ 100941 In ttwrneanwhte, the reftectlvity for the wave- 
rs length of the paflam Inapsctlon light is preferably de- 
s^ned 80 that the reffectivlty is lowered in the order of 
the surface of the exposure light reHemive layer, the sur- 
face of the buffer layer, and the surface of the low-re- 
flectivity layer. The reason Is as follows. In each of the 

20 inspection between the surface of the buffer layer and 
the surface of the (ow-reflecUvity layer after pattern for- 
mation and the inspection between the surface of the 
exposure light reflective layer and the low-reflectivity 
layer after removal of the buffer layer, a portion where 

2S the pattern is pnssent Is dark without reversal of pattern 
contrast. Therefore, setting of the inspection apparatus 
need not be changed and the result Is easily recognized. 
In case of the Mo/S\ mullilayerfilm used as the exposure 
light reflective layer, Bie reflectivity is as high as about 

so 60% . Therefore, In order to assure a sufficient contrast 
the respective layers, it is advantageous to lower 
tlie faflectivlty of the other layers. 
[QlOftS] NextidBScrlptlonwifibemadeofareialfonship 
between values of the refractive Index n and the ex- 

35 tinctton coaffftiiient k of the material of the lo«^reflectivity 
layer 15 and the reflectivity for the Inspection wave- 
length. 

[0096] Referring to Figs. 4, 5, 6, and 7, chromium ni- 
tride is used as the buffer layer (50 nm), tantalum boron 

fo nitrWe (TaBN) (the content of N being about 18 %) is 
deposited to 50 nm as the exposure light absorbing lay- 
er, and each of materials having different values of tie 
refractive index n and the extinction coefficient k is de- 
posited thereon to a thickness of 10 nm or 20 nm as the 

45 low-reflectivity layer. The reflectivity R for each of the 
inspection wavelengths of 1 90 nm and 260 nm is plotted 
on axes n and k. From the result, it is understood that 
the low reflectivity is obtained by the use of a materia! 
satisfying n and k within specific ranges, 

30 [0097] Specifically, the relationship among the in- 
spection wavelength, the thickness, and preferable 
ranges of n and k Is as foBowa. 

(1) Comparing the cases where the thickness is 10 
55 nm and 20 nm, the reflectivity Is 10 % or less In ei- 
ther case if the extinction coefficient k Is about 0,7 
or less. If the reflectivity Is ailov^d to be 20 % or 
less, k Is 1,2 or less. In this event, a preferable range 
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of the refractive index n is slighlly diff^rertl bsfweeri 
the cases where the thickness is 10 nm artd 20 rarr. 
In case of the thiolcness of 20 nm, the reflectivity R 
is 10 % or less when n is about ' .5 to 2,5. if the 
reflectivity is allowed to be 20 % or less, n is about 
1 to 3. in case of the thioicness of 10 nm, tne refisc- 
tivity R is 10 % or less when n is 2.0 lo 3,5, if the 
reflectivity is 20 % or less, n is about 1 .6 to 4,0. 

(2) Comparing the cases where the inspection 
wavelength ts 180 nm and 260 nm, there is nc con- 
sideraljle difference, in case of 260 nm, a preferable 
range of n tends to be slightly sl;iifted .tow^^ a 
greater value. • , >--;i(:= 

(3) Considering the above in toteil, It is understood 
that, tn case where the thickness is 10 to 20 nm, the 
rsftsctfvity of 10 % or less is obtained within the 
dd#pu8ravlD|et re^n by selecting a material hav- 
ing the sxtlnotion ooel^ent k of 0. 7 or less and the 

' refractlvalndfficnof 1<5lo3.5, 

[0098J The absorber layer 16 may 
laminated structure such as a two-layei?:* 
embodiment or a structure in which nittdfien oV ox^'en 
has a predetennlnsd distribution througlf the Dib^mt 
layer 16 from the side attjacent to the buffer* r£^er/13 
tovi;ards the surface of the absorber layer. In this cWse, 
by inereasing the amount of nitrogen or oxygen towards 
the surface of the absorber layer, the reflectivity on the 
surfa5» of the absorber layer 1 6 for the inepection wave- 
length can be decreased. The distribution of composi- w 
tlon of nitrogen or cncygen in a thidtnwss direction of the 
absorber layer may be contlnvously changed linearly or 
In a curved line or may be changed stepwise; The dis- 
tributton of composition of nitrbgen br' oxj^n iii;i: |i8 
thickness direction of the absorbei* t^yer w 
achieved by controlling the amount oHf bach eleriwA 
which is added during deposlllon. Forewimple, in esse 
of the TaBN film, sputtering Is canlad out by the use of 
a target containing Ta and B. During the sputtering, dep- 
osition Is carried out while changing the amount of a ni- 
bvgen gas added, in this manner, continuous or step' 
v)^s distribution of composition of nitrogen can tie.ob- 
tained in the thickness directio n of the a\^c^pf;^^^ 
[0099] Further, the reflective mask 
flective mask of this invention may havei 
region formed between the lower iayerlnd the jiJp^pef 
layer of ihe absorber layer and coniiiiuuusiy vacie^liri 
composition from the composition of the lower iaferte- 
wards the composition of the upper layer. 
[0100] The Intermediate region is a transition region 
in which the element contained in the lower layer and 
the element contained in th^ upper layer are mixed. . 
ipiOl] By providing the intermediate region, a pattern 
having a smooth sectional structure is obtained vnthout 
a boundary formed between the upperand the Icwer lay- 
ers when fee absorber layer is patterned. 
[D102] It is preferable that the mefal elemenfs'^c^ 
tained in the upper and the lower layers are saiti^^M- 
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cause the absorber layer can be continuously patlemsd. 
In addition, there is another advantage ti>at the adhe- 
siveness of the upper and the tower layers is improved. 
[01 03] The intsnnedjate region must have a thickness 
of about 2 to 15 nm. 

[01u4j hiexi referring to Fig, 6, description wlii be 
made of a method of producing a reflective mask ac- 
cording to this invention. Fig. B shows schematic sec- 
tional view illustrating a production process of the reflec- 
tive mask according to this invention. 
[0105] Fig. 6(3) shows the structure of the mask blank 
1> The sbrttctun^ im s^vsm^ baendescrit^ed. The mask 
btdnk i Is formid ^ sneoea&lvdy dCH^osfting. on the 
sutetrate 11, the exposure light r^fleotivo layer It, the 
buffer layer 13. the exposurs flght sbsorbtng layer 14, 
and me ii^petition t^ht tow-refts«Uvify ^r 15 in this 

^9SJi Herein, use msy be made of a method of at 
fifal depositing the exposure light absorbing layer 14 on 
the buffer layer 13 and then depositing the Inspection 
light low-reflecfiwty layer 15 thereon, Depending upon 
the material of the low-reflectivity layer, for exampte, in 
case where the low-reflectivity layer 1 5 as the upper lay- 
er is made of oxide of a same metal as that used in the 
exposure light absorbing layer 14 as the lower layer. It 
is possible to form the inspection light fow-refleotivlty 
layer 15 at an uppennost surface by forming the expo- 
sure light absorbing layer 14 on the butter layer 13 and 
thereafter treating the surface of the exposure light ab- 
sorbing layer 1 4 by oxidization using a process gas con- 
taining oxygen or oxidization using en acid soiution. 
With the latter method, it is possible to reduce a time 
rei:|ulred for changing a deposition condition, to reduce 
the numbdr of kirrds of materialB, and to reducie the 
number of de{»8ltlon chambers. Thus, the work is sim- 
pnffed and the woiktng time is shortened. 
' [0107] Preferably, the low-risfiectivify layer as the up- 
per layer and tJie lower layer are oontlnuously formed in 
the same deposition, chamber, in this manner, it is pos- 
sible to prevent adsorption of irhpurities and foreign mat- 
ters to the surface of the lower layer and deterioration 
(oxidation) of the surface from occurring between the 
lower and the upper layers and to obtain an excellent 
inted'aoB between the lower and the upper layers, 
[0108] Upon occurrence of adsorption df impurities or 
deterioration at the interface between the upper and the 
lower layers, a stress of the absorber isysr may bs 
changed and optical characteristics, such as an inspec- 
tion light reflectivity, may be affected. Therefore, param- 
eters at the interface must be taken into consideration 
and designed characteristics can not be obtained, Thus, 
a reproducibility or a controllability is degraded. 
[01 09] On the other hand, if the lower and the upper 
layers are contiriuously formed in the same deposition 
chamber, the substrate is not taken out from the depo- 
sitton chamber and is not ieffunprocessed. Accordingly, 
an excellent interface is obtained without adsorption of 
impurities to the Interface and deterioration. It is there- 
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fore possible to form the absorber layer with exesllBnt 
reproducfbUily afld exostient controUabiiity. There is an- 
other advantage ttiat the deposilion prooese Is not com- 
plicated, f ' '.1,1 * 
[OllOj Continuous formation of trie upper and ilie iB.w- 5 
er layers in the same deposition chamber is partiGularly 
effective in case where the upper and the lower layers 
contain metal elements and these metal elements are 
same. This is because deposition can continuously be 
.carried out fay using a common source of the metal ale- io 
iTient and changlns a gas supplied during deposition. 
[01 1 1] For e3«mple, in case where reactive sputtering 
is used, continuous deposition is e^iW c|rt^;dj5^^^^. 
using a target containing a metal e(arn4n|c9ftnW{|^io' 
the upper and the lower laysF»and changiS^ the conlent^ is 
of a gas {nitrogen, oxygen, or the liice} supplied, j 0 " 
[0112]' For example, In case where a materiat CQQif|fi- 
Ing Ta is used as the upper and the lower layers, a'target 
containing Ta is used in common. The content and the 
species of a gas (oxygen, 'nitrtigen, or the like) Intro- 20 
duced for reduction in FefleGtivH.y are changed between ' 
the formation of the loMrer layer and the fontiatlon of ttie 
upper layer, 

[0113] By continuous deposition In the same deposi- 
tion chamber, it is easy to intentionally introduce, be- 
tween the upper and the lower layers, the ab^oye-meh- 
ttoned intemiedlate region where the/ 9ompo8i^6Ms 
continuously changed. "ff . W 

[0114} Specifically, the deposition condition is contin^ 
uously changed from the deposition condltkin of the low^ 
er layer to the depcsitoh condition of the upper layer. If 
the same rnetad element is contained in the lower and 
the upper fayers In common, a meta! element source 
such as a target is used in common and the flow rate of 
an introduced gas such iae oxygen ^ 
dianged. Between the fontiatlon of (hc^^|«^^p': ' ' 
th e fonnation of the upper layer, the fio w^b wl^ef M . 
used in the formation of the lower layer is^ilduc^d drth^ 
flow is stopped while the introduced amount of tlie.^ - 
used In the fonnation cjf the upper layer is Increaylo-Or 40 
Introduction is started with the gasflow rate continuously 
changed. Thus, by carrying out deposition in the state 
where the gases used in the formation of the both layers 
are coe;tistent, the intermediate region is easily formed. 
[0115] Next, by processing the absorber layer 16 45 
compilslng the exposure light absorbing layer 14 as the 
EUV light absorber and the inspection fight low-reflec- 
tivity layer 15, an absorber pattern having a predeter- 
mined pattern is farmed (patterning step, see Fig.,§ffb)). 
Generally, a resist pattern having a prdc;iej.emilne^|^. so 
ferfi isfbnned on the surface of the absorber layer'is 
by an electron beam writing process. Next, the absorber 
layer is subjected to an etching process. The etching 
process may be dry etching or wet etching. Depending 
upon the material, an appropriate method and an appro- 55 
priate condition are selected. Finally, the residual resist 
pattern is removed. ^ ^ 

[0116] Then, inspection is CBn'ied^pMfc.t^^(fj4g . . 



whetherornotthe absorber pattern isfbnned exactly as 
designed A3 a result of the pattern inspection, if a pin- 
hole defeci (may also be called a white defect) 21 re- 
sulting from adhesion of foreign matters to the resist lay- 
er during patlern fonnation and an urVueretwiiifig deteOt 
(may also be catted a black defect) 22 are present, nec- 
essary repair is carried out, The pinhole defect 21 Is re- 
paired by depositing a carbon film 23 in a pinhole by 
focused ion beam (FIB) assisted deposition. The un- 
derelching defect 22 is repaired by removing a residual 
part 22a by FIB gas assisted etching to obtain a re- 
moved part 26 where the absorber layer i 6 having a 
two-layer structure is removed. By energy of ion inadi- 
atiorl, a damaged part 24 (a part 24a removed by FIB 
and a part 24b penetrated tiy FIB lone) Is present on the 
surface of the hulfer layer 13 (see Fig. 8(c)). 
[Oi 17] Next, the buffer layer 1 3 is removed, for exam- 
ple, by dry etching in an area corresponding to the re- 
moved part 25 where the absorber layer 16 is removed 
(buffer layer removing step). At this time, it is important 
to determine an etching condition so that etching pro- 
ceeds in the buffer layer 13 alone without damaging oth- 
er layers, By forming a pattern 26 on the exposure light 
reflective layer 12 in the above-mentioned manner, a re- 
flective mask 2 Is produced (see Fig, 8(d)5. 
[0118] The reflective mask 2 produced as mentioned 
above is exposed to EUV light 31, The EUV light 31 is 
absorbed in an area where the absorber pattern Is 
present on the surface of the mask and reflected by the 
reflective layer 12 exposed In a remaining area where 
the absorber layer 16 and the Iniffer layer 13 are re- 
moved (see Fig. 8(a}}. Thus, the tnssk can he used as 
a mask for the lithography using the EUV light. 
[01 isj As mentioned above, In the reflective mask in 
this Invention, Ule attsorber layer which Is a single layer 
in the existing mask has a laminated structure in whteh 
the absorber layer is functiDnaliy separated into the ex- 
posure iig))l absorbing layer 14 as the lower layer and 
the inspection light low-reflectivity layer .1 5 as the upper 
layer. With this stnJcture, a sufficient exposure light ab- 
sorbing function is assured arid the reflectivity on the 
surface of the inspection light iow-refletSivity layer 15 as 
the upper layer formed on an uppermost surface Is re- 
markably lowered at the wavelength of the pattern In- 
spection light. Thus, a difference in reflectivity at the 
wavelength of the pattern inspection light between the 
surface of the Inspection light low-reflectivity layer 15 
and the surface of the buffer layer 13 exposed after re- 
moving the absorber layer 18 l>y formation of the mask 
pattern (see Fig, 8(b)) Is increased so that a sufficient 
contrast upon inspection Is obtained. Accordingly, a re- 
flected image pattern having a high contrast Is obtained. 
Therefore, by the use of an existing mask inspection ap- 
paratus using light having a wavelength within a deep 
ultra>nolet region, for example, a wavelength of 257 nm, 
it Is possible to cany out accurate and quick inspection 
of the mask pattern, which has been dHficuit so far. 
[0120] The contrast will further be described. For ax- 
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ample, the ™tin of the reflectivity of the siirface nf'the 
inspection light low-reflectivity layer IB and the refieb- 
gvlly of the surface of the buffer layer 13 :$ generally 
usable as an index of magnitude of the contrast, Also, 
the following definition formula Is known; The value of s 
the definition formula may be used as the index of mag- 
nitude of the contrast. 

[0121] Specifically, in ca&e where and repre- 
sent values of i«fletsti\^ ett epeoIHo 
»peotlvely,flfldflii8 9«aterth8nFl|, |fPP|5^y^^^ io 

contrast (%) {{Rg - R^m^ * X H^O. : . 

10122] A sufficient contrast must be obtained in the' is 
pattern Inspection, As a rough standard, the ratio of re- 
fleetiwity la pwfBfBbiy 1 : 3 or less, more preferably 1 ; 4 
or less, nirther preferably 1 : 10 or lese. The ramtrast 
vEtfuB given by the a&ovs deHnition formuia Is preflsFabty 
40 % or more, 60 % or moTB, more pneferaWy BO % or a> 
mora, further pr^rebty 80 % or more. The contrast val- 
ue msntoned herein Is a contrast between the ab5qrt>er 
layer aftd the reflective layer pr a oontrfist between; toe 
absorber layer and ttie birffer layer. Th#/feflectii^^ 
the tow-refledMty layer 1S Is preferably 20 % or-lei», zs 
more prefiarably 10 % or less, further preferabty 5 % or 



[Examples] 

■■ ■ ■ , 30 

[01231 Now, this invention wili be desicribed mord jn 
detail In conjunoUon with specific exaijipJfe^f^^^fp . , 
ience of deecripllon, the reference norrw^ ci^itt^l^ 
in Figs. 2, 3, and' 8 are used aa af^roprli^. '. 

■ ■' V. ; M 3S 
Example 1-1 . s , 

[0124] The respective layers were deposited on the 
substrate 11 to produce a maslt blank. Herein, a low- 
expansion SIOj-TiO^ glass substrate h a>ring an outer di- 40 
nwnslon of 8 Inch square and a thlcknosp of 6.3 mm 
was used as the substrate 11. The glass substrate was 
subjected to mechanical polishing to have a smooth sur- 
face of 0,12 nmRms (i=lms: root mean square rough- 
ness) and a flatness of 100 nm or less,' , ^ _ 45 
[0125] At first, on the substrate 11. a K/lo/Si laminate 
film of molybdenum (Mo) and silicon (Si) was Qeposfisd 
by DC magnetron sputtering as the EUV light reflective 
layer 12, At first, using a Si target, a' Si film was depos- 
Red to 4.2 nm under an Ar gas pressure of 0,1 Pa, Then, 50 
using a IVIo target, a Mo film was deposited to 2.8 nm 
under an Argas pressure of 0.1 Pa, Defining the above- 
mentioned deposition as one period, 40 periods of dep- 
osition was carried out. Finally, a Si fHm wa^sj^sted 
to 7 nm. The total thickness was 287'rtiwthf|pf®# ss 
reflective film thus obtained had a refleliviP^^ofTO 
with respect to light having a wavelength of 257 nm. 
[0126] On the muiUtayer reflective film, a S102:thlrifllm 



was deposited to a thickness of 50 nm as the buffer layer 
1 3. Specifically, using a 81 target, deposition was carried 
out by DC magnetron sputtering using a mixed gas of 
argor (Ar) and oxj^en (Og). The SiOg buffer layer had 
a surface roughness of 0,4 nmRms, 
[0127] On the buffer iayer, a tantaium nitride (TaN) 
thin film was deposited to a thickness of SO nm as the 
exposure light absorbing layer (comprising an EUV light 
absorber) 14. Specifically, using a Ta target, deposition 
was carried out by DC magnetron sputtering using a 
firmed gas of argon and nitrogen (Ng). The Aim had a 
oomposition of Tag.jN3g. 

[ei28J Finally, a TaSION thin film was deposited to a 
thtekness of 20 nm as the low-reflectivity layer 1 5 for the 
inspectton light having a wavelengOi of 257 nm, Specif- 
icaily, using a 1^81 sity ta^et, deposltton was carried 
out by DC fnagnetnon reactive sputtw^ using a mixed 
gas t3f angjon, oxygen, and nitrogen. The film had a com- 
pbeltion of Ja^iSiiTO^rNtg, The TlaSlC^ film had a re- 
fractive index 2.09 ^d an extinction coeffid^nt of 
0.24 for light having a wayefength of 260 nm and a ra- 
fradtive index of 2.00 and an extinction opsfRcisnt of 
0.59 for light hai^g a wavelength of 190 nm, The Ta- 
SION film had an amorphous structure. The surface of' 
the TaSiON film had a surface reoghness of 0.4 nmRms. 
[D129] Next, using the mask blank produced as men- 
tioned above, a predetermined mask pattern was 
formed thereon. Herein, an EUV mask having a 
1 6Gbit-DRAI\fl pattem with 0.07 nm design rule was pro- 
duced. The mask pattern was formed in the following 
manner. At first, an electron beam resist material was 
uniformly applied on a surface of the mask blank by a 
spinner or the like. After pre-baking, electron beam writ- 
ing ahf! devetopment were carried out to form a resist 
pattern. Next, dry etohir^g using a chlorine gas was car- 
ried out. After completion of tiia etching, the resist pat- 
tern was removed. Thus, the mask pattern was farmed 
on the exposure light absorbing layer 14 and the low- 
reflectivlty layffi- 15 above the bulfer layer 13. 
[01 30] The mask pattern formed as mentioned above 
was' inspected by a mask inspecting apparatus using 
light having a wavelength of 257 nm. As a result, a pin- 
hole defect (white defect) and. an underetchlng defect 
(black d efect) were oonfirnied . 
[0131] Then, those pattem defects were repaired with 
reference to the inspection result. Specifically, for the 
above-mentioned white defect, a carbon film was de- 
posited in a pinhole by focused ion beam (FIB) assisted 
deposition. For the black defect, s residua! part was re- 
moved by FIB gas assisted etching. By inradiation ener- 
gy, a damaged part changed in optical characteristics 
due to change in film structure was present on the sur- 
face of the buffer layer 13 (see (b) and (c) in Fig. 8 men- 
tioned above). 

[0132] Next, a part of the buffer layer 13 exposed in 
an area without the patterns of the exposure light ab- 
sorbing iayer 1 4 and the low-refieotivity layer 15 was re- 
moved by etching (see (d) in F"q. 8 mentioned above). 
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At this time, the SlOg buffer layer alone wsa dry-etclied 
using s fluorine-based gas so thai the abmber pattern 
was not damaged but served as an elohing maslt. Thus, 
the reflective mask in ^ts example was produced. 
[0133] When the EUV light is Irradiated onto the mask, 
the EUV light is reflected by a pattern portion on thd st;*!:-; 
fece of the reflective layer 12. Thus, a Unction as ^tKe 
refectlve mask Is achieved. 
|01 341 For the purpose of connparison, t)y the existing 
process illustrated in Fig. 1 . preparation was made of a 
sarnple comprising an exposure light absorbing layer 
{EUV light absorbing layer) as a sirtgle layer without the 
low-reflectivity layer 15 as the uppermost layer in Uiis 
example. The exposure light absorbing ''^JiUIIM^^ 
absorbing layer) as a single layer heu3;«!^|M^P^f 
nm equal to the toted thickness of the twa^Bril|rii3$m 
'Hig the exposure tight absorbing layer (EJV j|ght ^tir. 
sorbing layer} and the' inspection light low-reflect^' 
layer In thte example, "if > 

[0135] Rg. 1 0 shows the values of reflectivity on the 
surface of the absorber pattern of the mask with respect 
to the light, having a wavelength within a range from 190 
nm to 690 nrri. In the figure , the reflectivity on the surface 
■ of the two-layer absorber layer of the mask In this ex- 
ample Is labeled TWO LAYER while the reflectivity on 
the surface of the single-layer exposure light absorbing 
layer (EUV light absorbing layer) of the existing mask is 
labeled SINGLE LAYER. In the figure, ML repres'epts 
ttie EUV light reflective layer. It is under4jtOpd ihat,'ra^ 
mask of this example, a low-reflecUvSy Wavelength le- 
gion Is relatively wide. 

[013^ From the abova-menltoned result, In case 
where the pattern Inspection light had a wavelength' of 
257 nm, the refleoUvlly on the surface of the low-refleo- 
tWIty layer of the mask ip this example was 5.2 % alt the 
above-mentioned vmv<^ength and ttie rsflectMty of^e 
buffer layer (5102) was 42.1 % at the ^^^^^^^^^ 
wavelength. Therefore, a contrast be^^^^^w^Ke 
of the low-reftectlvlty layer and the surfa"^ of the ^"fflffef 
layer at the above-mentioned wavelength'^was 4' : S.lin 
tenns of the ra^o of reflectivity, The contrast value^giWifi 
by the' above-mentioned definition formula was 76 %, 
The ratio of reflectivity between the surface of the low- 
reflectivity film and the surface of the multilayer film was 
1 : 11 .5 and the contrast value was 84 %, 
[0137] On the other hand, the rsfisctlvity on tha sur- 
face of the absorbing layer of the existing mask was 43 ,4 
% atthe above-mentioned wavelength. The contrast be- 
tween the surface of the absorbing layerand the surface 
of the buffer layer at the above-mentioned wavelength 
was 1 : 0,97 in terms of the ratio of rettectivitj?. The|!dn; 
trast value was 1.5 %. The ratio of reflectivity bef^n 
the low^reflectlvity film and the multilayer film was 1 : 
1 .4, The contrast value was as low as 16 %. 
[0138] In the mask in this example, the reflectivity for 
the EUV light having a wavelength of 13.4 nm was 0.6 
% and 62.'4 % on the sur^ce of the low-reflectlvlty layer 
as the upper layer of the absorber layer 16 and on the 



surface of the EUV light reflective layer, respectively. 
The contrast between the surface of the absorber layer 
16 and the surface of the reflective layer for the EUV 
light was 1 : 104in :terms of tie ratio of reflectivity. The 

3 contrast value was 33 %. Simiiariy, in the existing mask, 
the contrast between the surface of tfie siii§le*tayer ab- 
sorbing layer and the surface of the reflective layer with 
respect to the EUV light was 1 : 105' and the contrast 
value was 98 %, 

10 [0139] Next, description will be made Of a nrtethod Of 
transfenlng a pattern by the EUV light onto a semicon- 
ductor substrate (silicon water) witti a resist by the use 
of me reflective mask in this example. Pig. 9 shows a 
general stnjcture of a paUem fa^nsfer apparatus. The 

10 : pattern transfer apparatus 60 generally comprises a la- 
ser plasma X-ray source 32, the reflect mask 2, and 
a redudng optical system 33. The reducing optical sys- 
tem 33 comprises an X-nay reflection mirror, The pattern 
reflected by the reflective mask 2 is generally reduced 

20 to about 1/4. Since the wavelength band of 1 3-14 nm is 
used as the exposure wavelength, an optical patii was 
prelimlnatiiy positioned in vacuum. 
[0140] In the above-mentioned state, the EUV light 
obtained from the laser plasma X-ray source 32 was in- 

25 cident to 'the reflective mask 2, The light reflected by the 
mask was transferred to the silicon wafer 34 through the 
reducing optical system 33. The light incident to the re- 
flective mask 2 was absorbed by the absorber (selac- . 
tivety fomied on th e reflective layer on Uie substrate 1 1 ) 

30 and was not reflected In an area where the absoriser pat- 
tern is present. The light Incident to an area where the 
absorberpattern ta notpresantwas reflected by the EUV 
tight reflective layer (formed on the substrate 11). Thus, 
an image fbnned by the light reflected from the reflective 

ae mask 2 was Incident to the reducing optical system 33. 

The exposure light passing through the reducing optical 
, system 33 exposraJ a transfer pattern onto a resist layer 

' on the elllcon wafer 34. By developing the resist layer 
after exposure, a resist pattern was formed on ttie silicon 

40 wafer 34. 

[0141] As described above, pattern transfer onto the 
semiconductor substrate was carried out. As a result, it 
was confirmed that the reflective mask in this example 
had an accuracy of 16 nm or less which Is a required 

45 accuracy in the 70 nm design rule. 

[01 42] From the aboVe-msntiongd result, the mask In 
this example assures a high contrast for the EUV light- 
and also assures a high contrast for the pattern inspeo- 
tkjn wavelength, Therefore, pattern inspection can be 

so accurately and quickly carried out. On the other hand, 
the existing mask assures a high contrast for the EUV 
light. Hcw&m, the contrast fbr the pattern inspection 
wavelength is extremely inferior so that accurate pattern 
Inspection Is difflcutt. 

« [0143] Further, a mask was produced In the manner 
similar to this example except that a MoSiON thin film 
was deposited as the Inspection light low-reflectlvlty lay- 
er 15 in this example. In this case also, a high contract 
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<tm obtained for both of the inspection wsvelennth atui 




[01441 tft fte Hftaniwr SSJlKtiiar to Exainpie 1-1 , a Mo/SI 
lanfiffl^filmaf nwdjftSCtafiiOT {Mo) and silicon (Si) was 
deposited on the substrate 11 as the EUV tight reflective 
[ayer 12. On the reflecfive tey^, a 8IO2 thin film was 
deposited to a thickness of 50 nm as (h© baflerMerligf. 
[01451 On the buffer layer, a lanlalpi^^l' 
was farmed to a thtekn«ss of 515 am 
light stisorbfng layer (comprising Hie BM ligil , 
er) 14. SpeqlflCBfly, ustnp a Ta target, depos^ ^^ 
carried out by DC irfagn^tron readlve sputtsrir^'iill 
anargofigs*. , 

KI14^ On Vm exposure tight absorbfrtH: layer, a TaO 
thin film Vim dapostted to a thictme^s of 10 nm as the 
iovifrrreneethflfy fayer 15fbrthfl Inspeetlon JigM having a 
waralength of 257 nm. Speclflcatiy, usind the sama Ta 
target and !n the same deposKion chamber as those in 
the formation of the lower layer of Ta, deposition was 
earried oitt by DC magnetron reactive sputtering using 
a mixed gas of argon and oxygen. The film had a bofn- 
position of Ta3aOe2. The TaO film had a refractiveindfek 
Of 2.68 and an extinction coefficient of 0.'1 6 for light 
ing a wavelength of 260 nm and a refractive index of 
2.04 and an extiniaion coefficient of 0,87 for light having 
a wavelength of 190 nm. The surface of the TaO film 
had a surface roughness of 0.7 nmt^ms. 
J0147J In oase where the inspection light iow-refiec- 
tivlty layer oomprisea oxide of a metal same as thaj of 
the EUV light absorbing layer as ' 
amtJlSv the surface of the EUV iighta;!; 
be treated by an oxidization process 
gas oontalr^ing an oxygen gas or an i 
using an acid solution. 

IP14B] ' Using a mask blank produced as m^l^^ 
above, an EUV mask having a 16Gblt-DRAM pattern 
with 0.07 fim design rule was produced in the manner 
' similar to Example 1-1. 
[0149] For the purpose of comparison, preparation 
was made of a sample of an EUV light absorbing layer 
as a single layer without the low-reflectivity layer 15 as 
the uppermost layer in this example. The EUV Sight ab- 
sorbing layer as a single layer had a thickness of 60 nm 
equal tc the tctal thickness of the twc^ layers !n^|0^ 
the exposure tight absorbing layer (El)Vlighl absbHig 
layer) and the iow-reflecflvity layer in this exampler 
[0150] Fig. 11 shows the values of reflectivity on the 
surface of the absorber pattern of the mask with respect 
to the light having a wavelength within a range fn3m 190 
nm to 690 nm. In this 8xamplB,,a wavelength region ex- 
hibiting a minimum value of the reflectivity is Bxtremeiy 
narrow as compared with the low-reflectivity layer.irlEx- 

IP151I From the above-mentionetf'^ilipS^^fe 
where the pattern Inspection light had i^vel^ngfth of 




257 nm, the reflectivity on the surface of Itie low-reflec- 
tivity layer of the mast in m eXfiWl^e was 4.0 % at the 
above-mentioned w3vele.rigtti.artfl..ttat:refleolivity of fiis: : 
buffer layer (SiOg) was 42.1 % at the above-mentioned:, 
wavelength. Therefore, a contrast between the surface. . 
of the iow-reffedivity layer and the surface of the buffer 
layer at the above-mentioned wavelength was 1 : 10 in : - 
terms- of the ratio of reflectivity. The contrast value was 
83 %. The ratio of reflectivity between the surface of the 
iow-rsfleotivity film and l\)s surface of the multilayer filmci:;? 

15 and the contrast value was 88 %, . 
E01S2] On ttie other hand, the refiectivltjf on the sur-i: 
facB of the absorbing layer of the existing rnask was 44! 
% at the ^ove-mentfoned wavelength. The contrast be- 
tween the surfaoe of the absorting layerand the surfaoa 
of the bi4fer ia^m' at the above-menSoned wavelength 
was 1 ; 0.96 &i terms of the ratio of reltectlvny. The eon- 
tfast value was 2.2 96. Hm nstjo of raflectlvRy bstweeh 
the surface of the abaott»«r aftd^e aurfabs of the mul- 
to tilayer film was 1 : 1.4. The oontfset vafua was as low 
as 15%. 

[01 53] In the mask in this example, the reflectivity for 
the EUV light having a wavelength of 13.4 nm was 0,5 
% and 62.4 % on the surface of the low-reflectivtfy layer 

2S as the upper layer of the absorber layer 16 and on the 
surface of the EUV light reflective layer, respectively, 
The contrast between the surface of the absorber layer 
16 and the surface of the reflective layer for the EUV 
light was 1 ; 125 in terms of the ratio of reflectivity. The 

30 contrast value was SS %. Similarly, In the existing mask, 
the contrast between the surfaca of ths slngle-l^er ab- 
sorlBlng layer and the surface of the reflective layer with 
mped to the EUV Hghtww 1 : 10$ and the contrast 
■ vati;it::yvaa:$li^1(i,' 

39 ms^' t;^{ha i<efflaottoifiaak In this example, ex- 
, peteui* and b*rt8feirw»*BoarfIed out onto the ssmicon- 

duotor Buibatrate aa Illustrated in Fig. 9 In the manner 
similar to ixartlpfe 1-1 * As a result, it was contiriTied that 
the raffectlve mask had a sufficient exposure character- 

40 istic. SpeoHloaily, It was confirmed that the EUV reflec- 
tive mask in tills fiMampIe had an accural^ of 16 tim or 
less w^lch Is a required adKiraty in the 70 nm design 
rule, 

[01 551 From the above-mentioned result, the mask in 
45 this example assures a high contrast for the EUV light 
and also assures a high contrast for the pattern inspec- 
tion v,'svQ!ongth, On the other hand, ths existing mask 
assures a high contrast for the EUV light. However, the 
contrast for the pattern inspection wavelength is sx- 
so tremeiy inferior. 

Example 1-3 

. [0156] In the manner similar to Example 1-1, a MqIS\ 
SB laminate film of molybdenum (Mo) and silicon (Si) was 
deposited on Uie substrate 11 as the EUV light reflective 
layer 12. On the reflective layer, a Cr thin film was de- 
posited by DC magnetron sputtering to e thiclcness of 
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m nm as the buffer layer 13, The surface rou^sss of 
»ie surface of the Cr th in film was 0.5 nmRms. 
10157] In the manner similar to Exar5^^;|-g,^. 
scnbed above, a tantalum (Ta) thin fllm^\l^^^jf|^^, ' 
the buffer tayer as the exposure light a||orb»fig fa^r 5 
{Qomprtslna the EUV light absorber) 14 antl a Tad thin:' 
filrn was deposited on the exposure lighlabsorWngiasfer 
as the iow-i^fieotivity layer 15 for tfie inspection ligHt 
having a wavelength of 257 nm. In this example, the tan- 
talum nim had a thickness of 40 nm. The surface of the io 
TaO film had a surface roughness of 0,7 nmRms. 
[0158] Using a masi< blank produced as mentioned 
above, an EUV reflective mask having a 16Gblt-DRAM' 
pattern with 0.07 nm design rgle was produced in the 
manner similar to Example 1-1 . . 
[0159] For this purpose of comparison, preparation 
was made of a sample of an EUV Bghtjabsortiingi |^er 
as a s^gle layer witliout the Inspw^iorf Hght iow-il|j||i^?' 
tivity layer 15 as the uppemnost layer Irt this exarti^i. 
The EUV light absorbing layer as a single layer had a 20 
thickness of 50 nm equal to the total thickness of the 
two layer including the exposure light absorbing layer 
(EUV light absorbing iayer) and the inspection light tow- 
reflectivity layer in Ms example. 
{0160] Fig. 1 2 shows the values of reflediv}^ on t,he 2s 
surface of the absorber pattern of the ,mabl<?w|iiMstf^^^ 
to the lighlhaving a wavelength withih;^r|||esM>¥!^§J3' 
nm to 690 nm. .'f "^V ' 

[0161] From the above-mentioned rei^ult, ;lrt 
where the pattern Inspection tight had & Miavfimi^^ ^ 
257 nm, the reflectivity on the surface of the tow-^Meb- ■ 
tivity iayer of the mask In this example was 4.0 % at the 
above-menttaned wavelength and ttia rafleclh^lty of the 
buffer layer (Cr) was 57.0 % at the above-mentoned 
wavelength. Therefore, a conUast between the surface 35 
of the [Qw-refiectivfly layer and the surface of the buffer 
layer at the abpve-msntloned wavelength was 1 : 14 in 
tprms of the ratio of retlTCtlvity. The contrast value was 
87 %, The ratio of reflectivity between lh6 suiface of the 
tow-reflectlvtty flim and the surface.of thfe mulhlay^^t^m, <P 
vras 1 ; 15 and the contrast value was 8#%. ■"■ 'f^ 
[0162J On the other hand, the reflectivity on the sur- 
face of the absorbing layer of the existing mask was 44 
% at the above-mentioned wavelength. The contrast be- 
tween the surface of the absorbing layer ahd the surface 4S 
of the bufFsr layer at the abovs-msntioned wayslsngth 
was 1 ; 1 .3 in terms of the ratio of reflectivity. The con- 
trast value was 13 %. The ratio of refleptMty toetv^n 
the surface of the low-reflectlvtty layerf)^|tp^^fe 
ofthemultilayerfiimwasi :1,4.TheCD®6iiP®^- » 
as low 3B 15 %. ... , 

[01 63] in the mask In this example, thb rsfledtiyj^r , 
the EUV light havlr>g a wavelength of 1 3.4 nni'vul^'P^S 
% and 62.4 % on the surface of the low-refiactivtty Iay6r 
as the upper layer of the absorber layer 16 and on the 56 
surface of the EUV light reflective layer, respectively. 
The contrast between the surface of the absorber layer 
16 and the surface of the reflective iayer for the EUV 



light was 1 : 125 in terms of the ratio of reflecSvity, The 
contrast vaiue was 9t %. StmiarJy, In the ejsistirjg mask, 
tJie contrast between the surface of the aingfe-layer ab- 
sQEtjiBg layer and the surface of the reflective layer vwlth 
respect io the EUV tlgm was 1 ; 103 and uie conirast 
value was M %. 

101 64] Using the reflective mask in this example, ex- 
posure and transfer were carried out onto the semicon- 
ductor substrate as Illustrated in Fig. 9 in the msnner 
similarto Example 1-1 , As a result, it was corifirmed that 
the refHscttve mask had a sufficient exposure character- 
isttc. Spsbificaily, it was confirmed that the EUV rieflec- 
tlve ma^k in Hils exampte had an accuracy of 16 nm or 
less which Is a required accuracy of the 70 nm design 
rule. 

[01 65] From the above-mantioned result, the mask in. 
this example assures a high contrast for the EUV light 
and also assures a high contrast for the pattern inspec- 
, tton wavelength. Further, the mask in this example uses 
the Cr film as the buffer layer so that the buffer layer aliso 
has a funcfion as the EUV light absorbing layer. It Is 
tiieiBfofs possible to further reduce tiie thickness of the 
exposure light absorbing iayer (EUV light absorbing lay- 
er) as the upper layer without degrading the contrast, 
On the other hand, the existing mask assures a high 
contrast for the EUV light. However, the contrast for the 
pattern inspecUon wavelength is dxtremely Inferior. 

Example 1-4 

[01 66] In the manner similarto Example 1-1 , the EUV 
light reflactivs layer 12 vm deposited on the subsb^ 
11. On the refleqUve iayer 12, a chromium nitride film 
was deposited to a th icknesa of ^ n m as the buffer layer 
13. The chromium nttrldefllm was formed by DC mag* 
netron sputterfng. For deposition, a Cr target was used 
and a gas oontalnlr^ Ar with 1 0% nitrogen added there- 
to was used as a sputter gas. 
[0167] The chromium nitride film thus deposited had 
a composition of Cr^^N^ where x = 0.1. The chromium 
nitride film had a film stress of +40 I^Pa per 100 nm, 
The chrornium nitride film had a reflectivity of 52 % for 
the light having a wavelength of 257 nm. The surface 
roughness of the surface of the CrN film was 0.27' 
nmRms, 

[01 BS] Next, on the buffer layer 13 comprising the 
chromium nitride film, a tantalum boron nitride (TaBN) 
film was formed to a thickness of 50 nm as the exposure 
light absorbing layer (comprising the EUV light absorb- 
er). The TaBN film was formed by DC magnetron sput- 
tering using a target containing Ta and B and a gas con- 
taining Ar With 10 % nitrogen added tnereto. The Ta3N 
film had a composition ratto of 0.8 Ta, 0.1 B, and 0.1 N, 
The TaBN fitm had an amorphous structure. 
[01 69] On the TaBN absorbing layer, a tantalum boron 
nitrkie (TaBN) film was formed to a thickness of 15 nm 
as the low-reflecUvtty layer 1 5. The TaBN film as the low- 
reflectivity layer was deposited by DC magneijon sput- 
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tsring us Ing a target containing Ts and R afid 9 ^f-f!!^' 
tainins Ar with 40 % nitrogen aslcfed mefeto. At tht*;fw| 
deposition was successtvsly canied out tn HSw ' 
deposition chamber as the TaBNfibit a6 ^I^^lowwf layer, 
using the same target, changirig the amount of the ni- 
trogen gas between the formation of the iower layer and 
the formation of the upper layer. The TaBN film depos- 
ited herein as the low-reflectivity layer had a composi- 
tion ratio of 0.5 Ta, 0.1 B, and 0.4 N where the ra'Jo of 
nitrogen is increased as compared with the TaBN film 
as the exposure light absorbing layer (EUV light absorb- 
ing layer). The TaBN film was amorphous afeb, • - 
[01 70] The TaBN film has a refractive index of 2.3 ai0 
an extinction coefficient of 1.0 for the ligiit having a 
wavelerigtti of 257 nm. The abeorpUon coaffWerrt far the 
guv light havtrtg a waveldngth of 1 3.4 nm fs 0.03d. The 
surf^tde rrajjghndaB Is 0.25 rtmRrrai. Thus, lIidfHiti waa 

piit] Thersfleotivityontheiow-raflectlyl^lByaFthus 
obtained was Id % fcur the llgfH hsvtrig ^^^MW^' 
m nm. The tot^tlBbnesa Of tfiB expo8ui!?JfjPafeBoi^i|(§,, 
teVer (BJViiHtahiorbfhit 
layerwas-SOMPapsrldanin. ;| : 
[0.172] As described above, a reflective masti:- bl^i^i^ 
this examfirle was obtained. ' ' ^fiv ;: 

[0173]. Next, using the mask blantc produced as men- 
tioned above, an EUV reflective mask having a 
i6(3ttt-DRA!VI pattern with 0 ,07 [im design rule was pro- 
duced in the manner similar to ixample 1-1 ■ 
(0#4J In the marvner similar to Example 1-1, an ab- 
sorber patteni was aifirstfonmed on the tow-reflecttvlty 
. hiyti' and m exposure light absoit)lng NiyertSUV light 
absorbing layer). Herein, using the light hsning a wave- 
length of 257 nm as irispectlon light, the absorber pst- 
tem was Inspected, The ratio of reflectivity betwaeH^" 
buffer layer and the low-reflectivity layer forthe lh'4peo- 
tion light was 1 : 0.35, The contrast value was 48 %, In 
the inspection, a sufficient contrast was obtained. 
[0 1 7SJ Next, the bulf er layer comprising chromium ni- 
tride vras removed by dry etching in conformity wdth the 
absorber pattern. The dry etching was carried out by the 
use of a mixed gas of chlorine and oxygen. 
[0176] As described above, a refli 
wcample vras obtained. The reflective" 
tainsd was again inspected to confirm the'|ibsorbe'r pat- 
tern by the use of the inspection light haVingra ^a*^ 
length of 257 nm. As a resuii, the ratio of reTlepiivpipB- 
tween the EUV reflective layer and the low-reflecfiyity 
layer for the inspection light was 1 ; 0,3. The contrast 
value was 50 %.T^us, a sufficient contrast wasobtained 
In the inspection for confirmation also, Forthe reflective 
mask thus obtained, the reflectivity was measured by 
the use of the EUV light having a wavelength of 13,4 nm 
and an incident angle of 5 degrees. As a result, the re- 
flectivity was 65 % and the reflection characteristic was 
excellent. 

[0177] Using the refiecUva mask In this ex^mi^M ix^ 
posure and transfer were canriad out bnid the seftilt^- 



ductor substrate as ntustraiert In Fig. 3 in thfl manner 
simitar to Example 1-1 . As a result, it was confirmed that 
the raflsciSvs mask had a sufficient exposure character^ 
istic, SpeciHoaliy, it was confirmed that the EUV refleo 
« tlwe mas*: in tWa example had an aceuracy of 1 6 nm or 
less which is a required socuracy In the 70 nm design 
■ fm" 

Example 1-5 

JO 

[01 78] This example is different from Example 1 -4 in 
that a tantalum boron oxynitride (TaBNO) film vyss used 
as the low-reflectivity layer, in the manner similar to Ex- 
ample 1-4, the EUV light reflective layer 12, the buffer 
ts i^r 13, mi ihe exposure light absorbing layer (pom- 
PBsfiig m light sbaorbeO 14 were deposited on 
the«ubdtF^e 11. 

{01113 iS^, on the. exposure light absorbing layer 
(cwmpfislrtt the EUV tight absorber) 14, the tantalum bo- 

» ron oxynitride (TaBNO) film vras formed to a thickness 

,;, . of 15 nm as the low-reflectivity layer 15. The TaBNOfllm 
was deposited by DG magnetron sputtering using a tar- 
get containingTa and B and a gas containing Ar with 10 
% nitrogen and 20 % oxygen added thereto. The TaBNO 

25 film deposited herein as the low-rellBCtlVity layer had a 
composltton ratio of 0.4 TS, 0.1 8, 0.1 N, bM 0,4 0, The 
TaBNO low-reflectlvity layer had a'syir^CiS roughness of 
0,25 nmRms and was very smooth. The TaBNOfilm had 
an amorphous structure, 

30 [01801 The TaBNO film has a refr^ictlve Index of 2,4 
and an extinction coefficient of 0.5 for the light haying a 
wavelength of 257 nm, The absorption coefficient forthe 
EUV ifght having a wavelength of 13,4 nm (s 0.036. The 
TaBN layer as the lower layer and the t^ENO layer es 

35 the upper layiwr were successively depc^tted in the 
same deposldon chamber, changing the species of gas, 
using, the same target. 

[01 51} The reflectivity on the low-reriectivl^ layerthus 
oli^^ed was 10 % forthe light having a wavetength of 

40 257 nm. The total stress of tlie EUV light absorbing layer 
and the bw-refteotivity layer was -50 MPa per 100 nm, 
[it1S2i AS d^ribed above, a r^lebtive mask blank in 
this example was obtairied. 
[01 83} Next, using the mask blank produced as men- 

45 lioned above, an EUV reflective mask having a 
1 6Gbit-DRAl\i1 pattern with 0.07 nm desig n rule was pro- 
duced in the manner similar to Example 1-1, 
[0184] In the manner similar to Example 1-1, an ab- 
sorber pattern was at first formed on the icjw-reflectivtty 

50 layer and the exposure light absorbing layer (EUV light 
absorbing layer). Herein, using the light having a wave- 
length of 257 nm as inspection light, the absorber pat- 
tern was Inspected, The ratio of reflectivity between the 
buffer layer and the low-reflectivity layer for the inspec- 

55 tion light was 1 : 0.19, The contrast value was 68 %. In 
the inspection, a sufficient contrast was obtained. 
[0185] Next, the buffer layer comprising chromium ni- 
tride was removed by dry etching in conformity with the 
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absorber pattern in the manner similar to Exampfle 1'-4. 
I0185I As described above, a reflective maait in this 
example was obtained, Tlie reflective mask ttius ob- 
tained was again inspected to confirm tiie absorber pal- 
tem by \hs use of tlie inspection llglit iiaving a wave- 
length of 257 nm , As a result, the ratio of reflectivity be- 
tween the EUV reflective layer and the !ow-r'eflectivHy 
layer for the inspection light was 1 : O.'f^. The ccinfimt ' 
value was 71 %. Th us, a sijfF|p.ient contrast was obtai^d 
in the inspection for confirmation also. For the reflective 
mask thus obtained, the reflectivity was measured by 
the use of the EUV light having a wavelength of 13,4 nm 
and an Incident angle of 5 degrees. As a result, the re- 
fleotivity was 65 % and the r^ecUon characteristic was 
exoeilBnt. 

13187] mm the reflective mask in. 
pbsura and iFaRster were carrtod out9i^^^^ni|, 
ductor aubatmte as Illustrated In Fig. 9l.^tlfrnisS^ 
similar to Example 1-1 . As a result, ltwa&tii)nf|rfne|l tM: 
the reSeetive maakhad a sufficient exposure oharic^ 
Istlc. Spac^caliy, was confirmed that the iUV r^fi^ 
tive mask In this example had an accuracy of 16 nm or 
less which is a required accuracy in the 70 nm design 
hjle, 

Example 1-8 

IP188] This example is different from Example 1-4 in 
that a tantalum boron oxide-(TaBO)flim was used as the 
low-reflectlvlty layer. In the manner sinpifartd &(ei^hi^lf 
1-4, the EUV light reflecUve layer 12. th'e^er 
and the exposure light absorbing layer 14 were di^pQ«- 
Ka(} on the substrate 11. 

ptlfie] Next, on the exposure light absorbing iayw 14; 
the tantalum boron oxide {TaBO} film was formed to a 
thickness of 12 nm as the Io\«-rej1eotivily tayer IS. The 
TaBO film was deFmslted by DC magneton sputtering 
using a target containing Tb and B and a gas ^]^lf^9 
Ar with 30 % oxygen added thereto. 
mation of the exposure light absorbing^pr|^WpRt^- 
absofbir^ layer} and the formation of thaiTiw-iifreiiUvil| 
layer, a DC power wsjs stopped and the gal usid irt d^ 
osition was changed. The TaBO film deposited ;|^n 
, as the iow-refleclivity layer had a composition ratio 6f 
0.4 Ta, 0,1 B, and 0.5 O, The TaBO film had an amor- 
phous atruoture. 

[0190] The TaBO film has a refracUve index of 2.5 and 
ah extinction coefficient of 0,3 for the light having a 
wavelength of 257 nm. The absorption coefficient for the 
EUV light having a wavelength of 13.4 nm is 0,035, The 
TaBO film had a surface roughness of 0.25 nmRms and 
was very smoiith. . , . 

[0191] The reflectivity on the low-refletitivlty layeVit^uB 
obtained was 5 % for the light having a waveleiigtfli^ 
257 nm. The total stress of the exposure light absorbing 
layer (EUV light absorbing layer) and the low-reflectivity 
layer was -50 MPa per 1 00 nm. The lower layer and the 
upper layer of the absorber layer were sucxiessively de- 



posited in the same deposition chamber, using the same 
target, changing the gas. 

[01 92) As described above , a reflective mas^ bfank b 
this example was obtained. 

5 iol93j Next, using the mask blank produced as men- 
tioned above, an EUV reflective mask having a 
1 BGbit-DRAIVI pattern with 0.07 \im design rule was pro- 
. d uced in the manner similar to Example 1-1 . 
101841 In the manner similar to Example 1-1 , an ab- 

10 sorber pattern was at first formed on the low-refleclivity 
layer and the absorbing layer. IHerela uaing the light 
having a wavelength of 257 nm as idsfwtstion llgtit. the 
absorber pattern was Inspected. The ratio of reflectivity 
between the bufTar layer and tha lowreflectivlty tayerfor 

16 the Inspection l^jht was 1 : 0.10, The contrast weflue was 
82 %, In the inspection, a sufildent oontrast was ob- 
; tamed. 

[OlMg' Maxtithebufferlayercomprislngchromiumni- 
tride was removed by dry etching in ponfbrmfty with ^e 
20 absorber pattern In the manner similar to Example 1-4, 
[0196] As described above, a reffsotlve mask in this 
example was obtained. The reflective mask thus ob- 
tained was again inspected to confirm the absorber pat- 
tern by the use of the inspection light having a wave- 
rs lengtti of 257 nm. As a result, the ratio of reflectivity be- 
tween the EUV reflective layer and the low-reflectivity 
layer for the inspection light was 1 ; 0,08, The contrast 
value was 85 %. Thus, a sufficient contrast was obtained 
In the inspection for confim^ation also. For the reflective 
so mask thus obtained, the reflectivity was measured by 
' the use of the EUV light having a wa vslerigth of 1 3.4 nm 
and an Incident angle of S degrees, a result, the re- 
flectivity was 65 % and the refledion oharacteristio was 
excellent,! 

3S [0197] Using the refiecth/e mask in this example, ex- 
posure and tnansiiar were canled out onto the semlcon- 
dudor substrate as illustrated in Fig. 9 in the manner 
simHar to Example 1-1 . As a result, it was confirmed that 
the reflective mask had a sufficient exposure character- 
' 40 istte. Specifically, it was confirmed that the EUV reflec- 
tive mask in this example had an accuracy of 16 nm or 
le^s which is a required accuracy in the 70 nm design 
rule. 

4S Example 1-7 {MoSIN as the upper layer) 

[0198] In the manner similar to Example 1-4, a Mo/Si 
reflective multilayer film, a CrN buffer layer of 50 nm, 
and an absorber lower layer comprising a TaBN film of 

50 50 nm were formed on a glass Substrata. 

[01 99] Next, as the low-reflectivity layer as the upper 
layer, a film comprising Mo, Si, and N (MoSIN) was 
' formed to a thickne&s of 10 nm. Deposition was carried 
out by DC magnetron sputtering using a target contain- 

BS Ing Si and Mo and a gas containing argon and nitrogen. 
The MoSIN film thus obtained had a composltbn of Mo : 
81 : N = 23 ; 27 : 50. The film had an amorphous staic- 
ture. 
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{0200] The refractive index and the extinction coeffi- 
cient for the light having a wavelengtfi of 250 nm are 
2.58 and 0,97-, raapectively. The rsfracfive index and the- 
extinction coefncient for the light having; a wavelengti". 
of 19D nm are 2.39 and 1 .05, respectively. 
lOZOlj Tns Surface of trie ivioSiN film liau a surface 
roughness of 0.25 nmRms and was very smooth. 
1:0202] The reflectivity on the surface of the MoSiN film 
was 17 %'for the inspection light having a wavelength 
of257n:m. 

[0203] As described above, a reflective tna^yanWn 
this example was otrtained, , -pW^Mfe 

[020'q Next, using the msk blank, a tmm^ (tm^ 
having a 1 6GbK-DRAM pattern with a07 ]ip dsstg n rujt 
was produced; . ■ ' 'liLim 'i 

^205] In Itte irtahner similar to Example 1-1, ki-mi^ 
pattern was at first fbrmed on the low-reflscfev% layer. 
SubAequentV. by dfy eitehlng.uslng a fluorine gas, the 
IVtoSiNtoy^rflffleotMty layer was pattamedsteng the re- 
sist pattern to ^pose a part of the TaBN film as the ab- 
sorber lower layer, 

[0206] Next, by dry etching using a.chiorine gas, the 
TaBN film thus exposed was pattemed in conformity 
with the MoSIN film to expose a part of the Ci-N buffer 
layer. ■ , 

IQZHTl Herein, in the manner similar tp Example 
the absoriaer pattern v*as inspected by the use of" me 
inspection light having a waveiength of 257 nm. 
[0208] The raiUO of reflectivity between the surface of 
the absorber layer and the surfa:oe of the buffer layerfor 
the inspection tight was 1 : 3. The contrast value was 
50%, Thus, a sufficient contrast was obtained.' * 
[O20O] In tire manner similar to Exam|»ie 1-1 , di^ts 
were repaired by FIB, Tharasffter, 
the CrN buffer [ayer was renioved by^r^pWrM^I' 
chlorine and oxygen to fonm a pattern ih'^^nfoiir^ Mn 
the absorber pattem. ■ 't'jM: 

P210i. As desbilbsd above, a reflective maslt f|i|j|is 
example vwis obtained. '■ ""^ 

102111 The reflective mask was subjected to final in- 
epectfon of the pattem by the use of the Inspection light 
having a wavelength of 257 nm. The ratio of reflectivity 
between the surface of the absorber layer and the sur- 
face of the muitiiayer reflective film for the Inspection 
light was 1 : 3,5. The contrast value was 58 %. Thus, a 
sufficient contrast was obtained, 
t0212] Using the reflective mssl< in this example, pat- 
tern transfer was carried out onto a setriiconductor.sl||3r 
strata {silicon wafer) with a resist in theimanner simll'af 
to Example 1-1. As a result, it was confirmed that the 
reflective masi< in this example had ah accuracy of 18 
nm or less which is a required accuracy in the 70 nm 
design rule. 

Example 1-8 (IVIoSiON as the upper layer} 

1102131 In the manner similar to Exarj^f^^H^^i 
teflectSve muitiiayer Rim, a CrN buffer'jpibt'W5«|iM, 



and an absorber lower layer fflflmprising a TaBN fflm of 
50 nm were fbrmed on a glass substrate. 
[0214] Next, as the low-reflectivity layer as the upper 
layer, a film comprtsirjg Mb, Si, 0, and N (MoSiON) was 

5 formed to a thicttness of 20 nm. Deposition was can-ied 
Out by DC magnetfon sputtering using a XstqbI contain- 
ing Si and Mo and a gas containing argon, nitrogen, and 
oxygen. The MoSlON film thus obtained had a compo- 
sition of Mo ; Si : O: N " 19 : 19 : 19 : 43. The flim had 

10 an amorphous struGtum.: , , 

[0215] The refrde^e ln«tex and ttie extinction coeffl- 
elent for the l^hl having a waveJsnSjHi cS 280 nm are 
2.01 and 0.46, mep*ctlve^. The refracti?? index and the 
exUnction coefllclem for the light having a wavelength 

M of 1 90 nm are 1 .91 and 0,62, respectively. 

The surface of the MoSION film had a surface 
roughness of 0.25 nmRms and was very smooth, 

' [02171 The reflectivity on the surface of the MoSiON - 
film was 4.4 % for the inspection light having a wave- 

20 (enQthof257nm, 

[021€] As described above , a reflective mask bianl; in 
this example was obtained. 
[0219] Next, using the mask blank, a reflective mask 
having a 1 6Gbit-DRAM pattern with 0.07 jim design rule 

25 was produced. 

[0220] in the manner similar to Example 1-1 , a resist 
pattem was at first formed on the low-reflectivity layer, 
Subsequently, by dry etching using a fluorine gas, the 
MoSlON low-reflectivity iayer was patterned along the 

30 resist pattem to expose a part of the TdBN Aim as the 
absorber lower layer. 

[^221] 1^, by dry etching using a chlorine gas, the 
TaBN flirh thus exposed was patterned In oonfonrtlly 
with the MoSW film to expose a part of the QrN bufl'sr 
3S l^er. 

[02221 Herein, ki the manner similar to Example 1-1 , 
tii^ absorber patterri was Inspected by the use of the 
inspection light having a wavslsngth of 257 nm, 
[0223] The ratio of reflectivity between the surface of 

40 the absorber layer and the surface of the buffer layerfor 
the irispection light was 1 : 12. The contrast value was 
84%, Thus, a sufficient contrast was obtained, 
i[0224] in the manner similar to Example 1-1 , defects 
were repaired by FIB. Thereafter, the exposed part of 

4S the CrN buffer layer was removed by dry etching using 
chlorine and oxygen to form a pattern in conformity with 
the absorber pattern, 

[0225] As described above, a reflective mask in this, 
example was obtained, 

so [D2Z61 The reflective mask was subjected to final in- 
spection of the pattern by the use of the inspection iight 
having a wavelength of 257 nm. The ratio of refiectlvlty 
between the surface of the absorber layer and the sur- 
face of the muHilayer reflective Aim for the Inspectton 

5S light was 1 : 14. The contrast value was 86 %. Thus, a 
sufficient contrast was obtained. 
[0227] Using the reflective mask In this example, pat- 
tem transfer was carried out onto a semtconduotorsut)- 
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strate (silicon wafer) with a resist in the manner sirnilar 
to Example 1-1. As a result, It was confirmed that the 
reflective mask in thte example had an accuracy of 16 
nm or less which Is a required accuracy In the 70 nm 
design rule. ° 

Example 1-9 (CrO as the upper layer) 

[0228] In the manner similar to Exampw|l-'4,Vnilib&r' 
reflective mulUlayer film, a CrN buffer la^r of 50: nm, « 
and ah absorber lower layer comprising a VaBN film of 
50 nm were fomrt^ on a glass substrate. ' ^^1 
[0229] Next, as the low-refteotivtty layer as the upper 
layer, a chromium wdfSfefilm (CrO) was fortned to a thick- 
ness of 20 nm. Deposition was ovried out by DC mag- is 
netron sputtering using a target containing Cr and a gas 
containing aigon and oxygen. The CrO tijm thus pbr 
teirted had a composition of Cr : 0 => 46 : 54. 
[0230] The refractive Index and the extinction ooeffh ' 
dent for, the light haying a wavelength of 280 nm are 20 
;Z.37 and 0,72, respectively. The refractive Index an<|.ttie 
extinction coefficient for the light having a waveHsrigth- ■ 
of 1 90 nm are 1 ,'91 and 1,13, respectively. ft. : 

[0231] The surface of the CrO film had a surface 
roughness of 0.3 nmRms, 2S 
[0232] The reflectivity on the surface of the CrO film 
was. 14 % for the inspection light having a wavelength 
of 2'57 nm. 

[0233] As described above, a reflective masl( blank in 
this example was obtained. 
[0234] . Next, using the mask blank, 
havlng'a 16Qblt-DRAM pattsmuHth Q.i 
was' produced. ... 
[0235] in the manner similar to Example 1-1,' a i^sL. 
pattern was at ffrst formed on the k>w-refteot)vlty Mf^t 
Subsequently, by dry etching using chlorine and ox^ 
gen, the CrO iow-insflactivity layer was patterned along 
the resist patlem to expose a part of the TaBN film as 
the absorber lower layer. 

[0236] Next, by dry etching using a chlorine gas, the 40 
TaBN film thus exposed was patterned in confonnity ■ 
with the CrO film to expose a part of the CrN fjuffer layer. 
[0237] Herein, tn the manner similar to Example 1-1 , 
the absorber pattern was inspected by the use oi ttje 
inspeotion light having a wavelength of 257 nm. ^-i'; '' 45 
[0238] The ratio of rsfieotivity betwosn xHb surface- of 
the absorber layer and the surface of the buffer layerfor 
the inspec^on light was 1 : 3.7. The contrast value was 
53 %, Thus, a sufficient contrast was obtained. 
[0239] In the manner similar to Example 1-1 , defects so 
were repaired by FIB. Thereafter, the exposed part of 
the CrN buffer layer was removed by dry etching using 




example .was obtained. . j ^ 

[0241] The reflective mask was subjected to fii]a^if)^ 
spectlon of the pattern by the use of the InspecQorf Aiiht 



having a wavelength of 257 nm. The ratio of reflectivity 
between the surface of the absorber layer and the sur- 
■ fape of the multilayer reflective film for the inspection 
light was 1 : 4.3. The contrast value was 62 %. Thus, a 
sufficient contrast was obtained. 
[0242] Using the reflective mask tn this example, pat- 
tern transfer was carried out onto a semiconductor sub- 
strate (silicon wafer) with a resist in the manner similar 
to Example 1-1. As a result, it was confirtned that the 
reflective mask in this example had an accuracy of. IS 
nm or tess which fs a required accuracy In the 70 nm 
design rule. 

Example '1-10 (SiON as the upper layer) 

[0243] In the manner similar to Example 1-4, a Mo/SI 
^eolJve multilayer fiim, a CrtJ buffer layer of 50 nm, 
end an absorber lower layer comprising a TaBN film of , 
50 nm were formed on a glass substrate, 
[0244] Next, as the low-reflectivity layer as the upper 
layer, a film cornprising SI, 0, and N (SiON) was formed 
to a thickness of 22 rim, Deposition was carried out by 
DC magnetron sputtering usirig a SI target and a gas 
containing argon, oxygen, and nlirogsn. The SION film 
thus obtained had a compoaitltm of SI : O : N = 28 : 62 ; 
10. 

[0245] The refractive index and the extinction coeffi- 
cient for the light having a wavelength of 260 nm are 
1 .74 and 0.0018, respectively. The refractive Index and 
the extinction coeffloient for the light having a wave- 
length of 190 nm are 1.86 arxd 0.0465, respectively. 
[0246] The sur^ce cH fhe SiON film had a surface 
roughness of 0.3 nmRms, 

[0247] The reflectivity on the surface of the SiON film 
was 5 % for the Inspection light having a wavelength of 
257 nm. 

[0248] As described above, a reflective mask blank in 
this example was obtained,. 

[0249] Nsxt^ using the mask blank, a reflective mask 
having a 16Gbit-DRAM pattern with 0.07 [im design rule 
was produced. 

[0250] In the manner similar to Example 1-1 , a resist 
pattern was at first formed on the low-reflectivity layer. 
Subsequently, by dry etching using fluoride, the SION . 
low-reflectivity layer was patterned along the resist pat- 
tern to expose a part of the TaBN film as the absorber 
lower layer. 

[0251] Next, by dry etching using a chlorine gas, the 
TaBN film thus exposed was patterned In conformity 
with ^e SION film to expose a part of the CrN buffer 
layer. 

[0252] Herein, in the manner similar to Example 1-1 , 
the absorber pattern was Inspected by the use of the 
inspection light having a wavelength of 257 nm. 
[0253] The ratio of reflectivity ttetween the surface of 
the absorber layer and the surface of tiie buffer layerfor 
the Inspection light was 1 : 1 0.4. Tlie contrast value was 
82 %. Thus, a sufficient contrast wa^ obtained. 
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mZRA] tn the manner similar to Examate 1-1. defects 
were repalreci by FIB. Thdrsafter, the exposed pait of 
the CrN buffer layer wa»fBmowwt by dry fetehM^udra 
chloriTie and oxygert to form a pattarnfi^jwi^fi^^ 
the absorber pattern. '/A P: }, &i) ' 

[OaSS] As describsd above, a reflective mask in tnis 
example was obtained. ' 
I02S6J The reflective mask was subjected to fnglwi- 
spection of the pattern by the ttee of tile inspectiori Ught 
having a wavelength of 257 Htm. The ratio of mftecUvSy 
between the surface of the absorber layer and the sur- 
face of the multilayer reflective film f(K tl^e inspection 
light was 1 : 12. The contrast value was 85 %, ThU6, a 
sufficient contrast was obtained. 
[0257] Using the reflecUye mask in this example, pat- 
tern transfer was carried out onto a semlcortductor sub- 
strate (silicon wafer) vi^th a resist in the manner sjmftar 
to Example 1-1. As a result, % was odri^Hiied iSt\ii%9, 
refiecQve masH in this example had an kcunlpy of 16 
m or less whidi is a rei|uired accuracy tn the 70 nm 
design rule. 

Example 1-11 (having the I^I^H'aBO intermediate 
rsgion) 

[02JS81 trt the manner similar to Exampje- V4|.a^p,EUy 
light reflective layer comprising a Mb/Stpenbdic' lami- 
nate film and a tiuffer layer comprising ajchronfiiurTt rii- 
tride film were formed on a substrate. ' y 

[025d] Next, as the lower layer of the absorber<l«#-, 
a tantalum boron nitride (TaBN) film,v(«8 fonniMi.' '^'^^ ■ 
[0260] The TaBN film w^is frarmeti by m magnebon 
sputtering using a tiTBet conlainlng ts and 8 and a gas 
containing /M*with 10 % nitrogen added thereto. 
[0JJ61J When the TaBN film was formed to about- So 
nm, supply of the gas containing Ar and nitrogen was 
gradually r^luced hi ten seconds to be stopped while 
DC Is kept suptplled. Simultaneously, oxygen is added 
to Ar up to 30 % Jn the above-mentioned ten seconds 
without exhausUng and deposition u^g,.^e'sanhe; ^iv 
get was oontkiubusiy carried out in tiie sSime deposH^p 
chamber. After Vhs introduction of oxygen is started, . 
about 1 5 nm deposition was carried out 
[0262] The surface of the absorber layer thus formed 
had a roughness of 0.25 nmRme and was very smooth. 
[02S3] The absorber layer had an amorphous struc- 
ture, 

[0264] By X-ray photoelactron ^P^^^^^^M^^' 
the composition of nitrogen and o>cyger|;|f^^^MP- 
direction of the absorber layer was ariaiyiMl.'/^it^p, 
as illustrated in Fig. 13, it was oonfirm^'thal ah 'iritei?- 
mediate region where ttie composition was contin^oifely 
changed from the composition of the lower feyemi- 
wards the composition of the upper layer Is formed be- 
tween the upper and the lower layers. The Intennediata 
region had a thickness of about 5 nm. In the fntermsdiate 
region, the composition is continuously changed in the 
mariner sut^ that the content of nitrogen Is gradually 



reduced and the content of oxygen is increased from a 
lower layer side adjacent to the tiuffer layer towards an 
upper layer side sdjacenl to the surface of the ebsorber 
layer. The lower layer adjacent to the suffer layer was a 
s TaBM film having a composition of Ta ; B : N - 0,5 ; 0.1 : 
0,4. The upper iayer adjacent to the suFfSce ef the at»- 
sorber layer was a TaBO film having a compositioii of 
Ta;B:O = 0.4:0.1;Q.5. 

I02$5] The re^egvlty on tha surfisoa of the absorber 
10 layer for the inspeofion hsvicig a wavfrlangfh of 
nm was 5 %. 

imsi TherafNi<^vel«ideKandti«a)«)i^Qn(»efn- 
dam the t^O film ae the tipper ray»r are a.5 and 0.3 
fc^the iigm having a wavel^gfh of 257 nm, respectively. 

16 [02671 As described above, a reflective mas^ blank in 
this example was obtained. 
{0268] Next, uslftglhereflec^e mask blank, a reftec- 

' tfve mask living a 1 dGbli-ORAM pattens with 0,07 m 
dNksign nila was produced, 

20 [0269} tn the manner similar to Exslmpie 1-1,3 resist 
patfem w^ at first ftsfmed on the l(jw-i?fieciivi^ ia:^r. 
Sub^quenOy. by dry etching using a gas corttalnlng 
chloHrte, the absorber layer was patterned along ttie re- 
sist pattern. The upper layer of the absorber leyer, the 

2s intermediate region, and the tower layer were oonflrtu- 
ously patterned by dry etf^ing to expose a part of the 
CrN buffer layer. 

[0270] Since the intermediate region having continu- 
ous change In composition was fornied between the up- 

30 per layer and the lower layer, the absorber layer could 
be patterned to have an excellent rectangular section 
whl(^ is Gonynuous without a step, Herein, In the man- 
ner eimilar to Example 1-1 , ^e absorber pattern v\as in- 
spected by the use ofthelhspebtlkm ijghtl^avi^^ 

as length of ;S57 nm. 

[0271] The ratio of refledivily between the surface of 
the absoiter layer arid the surfaoe of the buffer layerfcv 
the inspection light was 1 ; 10.4. TTie contrast value was 
82 %. Thus, a sufflcfeni contrast was obtained, 

40 [0272] In the manner similar to Example 1-1 , defects 
were repaired by FIB, Thereafter, the exposed part of 
the CriSI buffer layer was removed by dry etching using 
chlorine and oxygen to form a pattern in conformity with 
the absorber pattern. 

45 [0273] As described above, a reflective mask in this 
example was obtained. 

[0274] The reflsctlve mask vir-as subjected tc fr.al in- 
spection of the pattern by the use of the inspection light 
having a wavelength of 257 nm. The ratio of reflectivity 

.50 between the surface of the absorber layer and the sur- 
face of the multilayer reflective film for the inspection 
light was 1 ; 12. The contrast value was 85 %. Thus, a 
sufficient contrast was Obtained. 
[0275] Using the reflective mask in this example, pat- 

55 tern transfer was carried out onto a semiconductor sub- 
strate (silicon wafer) with a resist in the manner similar 
to Example 1-1. As a result', it was confinned that the 
reflective mask in Uiis example had an accunacy of 16 
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nm or less wjiich is a required accuracy in the 70 nm 

design rule. 

(0276] The frst embodiment of thi$ lovention de^ 
scribed in tine foregoing is summarized as fdtows. 

(1-1) On a substrate, a reflective layer for reflecting 
exposure light in a short-vravelength region includ- 
ing an EUV region, a buffer layer for protecting the 
reflective layer during formation of a mask pattern, 
and an absorber layer for absorbing the exposure 
light are successively formed, Tlie absorber layer 
has an at least two-layer structure including as a 
lower layer an exposure light absorbifig layerforab- 
sortring the exposure light In the shprt-wayeleogth 
region JndudhH) the EUV reglcin and as an upper 
layer a tewraflecQvlty layer foHnspeotion light u^ed 

in in8pecUdfl ofthemaekpatUm..J " ^ 

tuM, the absiirberlayjpr on the b» ' 
masit to be formed ts iUnctionelfy 9^ 
layer liitf ebeotbrng the exposure light and a layer 
having a low reftectivity for wavelength of p,a$k 
pattern inspection light Ttjua, a, sufficient exposure 
light abscHption functton is assured and the reflec- 
' tivlty Oh the surface of an absorber pattern at the 
wavelength of the Inspection light is remarkably 
lowered. As a result, a difference in reflectivity be- 
tween the surface of the absorber pattern as an up- 
permost layer and the surface of ttie bufPer layer in 
an area without the absorber pattern is Increased 
80 that a sufficient contrast during patteih tnsp«>- 
tion ie assured . Therefore, It Is pospiWe to' ac«|f^f*- 
ly and quickly inspect the mask pattern by the ^f'e 
of an existing mask inspection apparatus using in- 
spection light In a deep ultraviolet region. 
(1-2) By selecting a specific sybstance as an expo- 
sure light absorber of the loWerlayerof the absorber 
layer, the effect of the invention In (1-1) te further 
exhibited. 

(1-3) By seteoUng a particular subetanoeju 
8pect(onli^htlov«^reflecHvitylay^r^a| '~ 
er of the absorber layer, the e" ' 

■ In (1 -1 ) is further exhibited. , 
(1-4) A reflective'mask obtained by uiing the nialfe 
blank of this Invention and forming a m^sk'p^plh 
thereon exhibits the above-mentioned effect. ' 
{1-5)The mask blank of this invention is obtained 
by the steps of fomning on a substrate a reflective 
layer for mflecting exposure light in a short-wave- 
length region including an EUV region, forming on 
the reflective layer a buffer layer for protecting the 
reflective layer during formation of a mask pattern, 
forming on the buffer layer an exposure light ab- 
sorbing layer for absorbing the exposurejight irj 
short-wavelength regron inoiuding'the EUV ^io 
and forming on the expo,8ure tight kbsorbing ll^ 
a iow-reliecthrity layer for inspection light used in in- 
spection of the mask pattern. Therefore, a known 
depositkin method is applicable. It Is ttius possible 



to provide the mask blank easy in production and 

low in cost, 

(1-6) Depending upon a material of an absorber, it 
is aossible to form the low-reflectivity layer for the 
inspection light used in inspecaon of the masK pat- 
tarn by fo'ming on the buffer layer the exposure light 
absprbing layer for absorbing the exposure light in 
the short-wavelength region including the EUV re- 
gion and thereafter treating the surface of the ab- 
sorbing layer. Therefore, it is possible to shorten a 
time required for changing a depositior^ condition or 
the like, to reduce the number (rf kinds tSf materials, 
and to reduce the number of deposition chambers. 
Thus, the work is simplifldd 3nd tN working time is 
shortened. 

(1-7} By Obtaining (he nsliltonshtp between the 
thioloiass of the low-reflecUvlty layer formed on the 
exposure light absorbing layer and the reftecfhrity 
on the low-rsflectivity layer at the wavslength of the 
inspection fight, It is possible to control the thickness 
of the low-reflectivity layer so as to n!jbT6mlz© the ft- 
flectivity on the low-refleclivlty layer for the wave- 
length of the inspection light. 
(1-8) The. reflective mask of this invention Is pro- 
duced by patterning the absorber iay^r in the mask 
blank. The reflective mask is easily produced by the 
use of known patterning means. It is therefore pos- 
sible to provide the reflective mask at a low cost. 
(1 -9} After patterning the absorber layer of the mask 
, blank, ttie inifier layer Is removed Jn an area where 
the abeortier layer Is removed. 

Consequently, the exposure light reflective layer is ex- 
posed In an area where the absorber pattern is not 
present, it Is therefore possible to improve an exposure 
light reflection charactoristic of the reflective mask. 

[2nd Embodiment] 

[0277] Next, a second embodiment of this Invention 
will be described In detail with reference to the drawing. 
[0278] Fig. 14 sham schematic sectional views Illus- 
trating a process of producing a reflective mask by the 
use' of a reflective mask blank 60 according to the sec- 
ond embodiment of this invention. 
[0270] The reflective mask blank 60 according to this 
invention comprises a substrate 61 on which a multilay- 
er reflective film 62, a buffer layer 63, and an absorber 
layer 64 are successlveiy formed, as illustrated in Fig. 
14(a). 

[0280] At first, description will be made of the respec- 
tive layers of the reflective mask blank 80 according to 
this invention. 

[0281] The absorber layer 84 of the reflective mask 
blank 60 of this invention has a function of absorbing 
EUV light as exposure light. 
[0282] As the absorber layer 64 of this invention, use 
is made of a material containing tantalum, boron, and at 
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least one of ox,ysen and nitrogen. By the uss of ihp. ms- 
terial, it is possible to sufficiently lower the reflectivity of 
tfie absorber layer 64 for a psttern trtspecfton wave- 
length as compared with the reflectivity of the buffer lay- 
er 63 and to improve a contrast during pattern inspec- 5 
fion. Specrrically, it is desired to select a msteriai so that 
the reflectivity of the surface of the absorber layer 64 for 
the pattern inspection wavelength is 20 % or less, pref- 
erably 10 % or less. 

[0253] As the above-mentioned materia|;-,iJse,ii?ayM to 
made of, for example, tantalum boron' fifrii^A'^Ta^^ 
tantalum boron oxide (TaBO), and tantsiWm boron bx- 
ynilride (TaBNO). ■ , .jis-t- ' 

[02B4] Tantalum is an excellent material of Vtik^^ 
sorber layer, which has a target absorption ODSiTiciemfor 19 
the EUV tffihl and whlcii Is easily dry-etched hy clilcwlne 
and eHCfillant in prooeaaat^. 
[0289} The tantalum boron alloy (^B) Is easily amor- 
phlz«] and provlclBS a fUm aiKjelient In srnotrthneisa. The 
TaB film ts suppremed fttum reduction of Bie gtA/ tlshl ' to 
atisonstTon coefHcient as comiiared wHti a Tft metal. Fuf' 
ther, beoausie of excellent GoritipllabiEity of a fllm stress, 
this film is an absorber layer material cajpeble <of SK!Mf(r-. 
Ins a high dimensional accuracy of a masti patterft • 

ByfurtheraddingnltrogentoTatastfieaiw^ 25 
mentioned material, it is possible to lowerthe reflectivity 
for deep ultraviolet (hereinafter referred to as DUV) light 
of 190 nm to 260 nm uSed as the pattern inspection 
wavelength. By addition of nitrogen, it is possible to ob- 
tain an sffeot of improving the smoothness of the film so 
arid reducing the surface roughness. 
[0287] tfthe surface roughness of the»^^^^ 
absorber layer Is large, edge roughnijSf OT^^^^p ' ' 
pattern is increased and the dimensionallpoBtf cy . 
pattern is degraded. As the pattern is fin^n.the ftifliie^? ^ 
of the edge roughness Is remarlcabte and, therer^q^^ 
surface of the absorber layer Is mquiriad to be imixlS\. ' 
[0288] in the reflective mask and the reflective mask 
bianl( according to this Invention, the surface roughness 
of the surface of the absorber ie preferably 0,6 nmRms « 
or less, more preferebiy 0.4 nmRms or less, furmer pref- 
erably 0.3 nmRms or less. 

[0288] In order to reduce the surface roijghness on 
the surface of the absorber, it is effective that the ab- 
sorber layer, comprises a film having an amorphous 45 
stnjcture. In case where the buffer layer is provided, it 
is necessary to use a smooth fitm as the buffer iaygi' 
[0290] By further adding oxygen to TaB, the reflectivity 
for the DUV light used as the pattern inspection wave- 
length is lowered, like in the case of nitrogen, As com- 5" 
pared with nifrogen , oxygen is greater in effect of reduc- 
ing the reflectivity for the DUV light. By including both 
nitrogen and oxygen in TaB, it Is possible to obtain the 
effect of reducing the reflectivity for the pattern inspet 
tion wavelength and improving the,8r|^|jj^^^^ 4S 

[0291] Next, a preferebie composltion.'iitio will tief de- 
scribed w^h respwst to tantalum boron nitride. (T^Bi^, 

■ . ■ : "- im 



tantalum boron oxide (TaBO), and tantalum horon ox- 
ynltride (TaBNO) as the material of the absorber layer 
4. In oFider thai the ati^steirfias a aiTKidttteurfws, the 
materiaf is preferably alKm having em ani0cpl;)ous struc- 
ture, 

(1) 111 case Of TSBK 

[0292] in case of TaBN, the composition of Ta, B, and 
N is as follows, Preferabk the content of B is 5-25 at%, 
The ratio' of Ta and N {Ta : N) preiferably falls within a 
range of 8 ; 1 to 2 : 7. The content of 8 within the above- 
mentioned range is preferable to obtain, an amorphous 
state, if the content of N is small with respect to Ta, a 
ewfficfenfly low raflaottyrty can not be otrtslned for ^e ' 
inepeetion Sight. On the contrary, if the oonflisnt t^ N Is 
laiige, tf« Aim deniriiy is iowwred. in this evsnti the EUV 
lightabeorption QQefrtQient Is decreased and the acid re- 
sistance Is decreased. 

(2) In case of TaBO 

[0293], In case of TaBO, the content of B is preferably 
5-25 at% in order to achieve the amorphous state, The 
retio of Ta and 0 (1^ : 0) preferably falls wKhin a range 
of r ; 2 to 1 : 2, If the content of 0 Is small, asufTiciently 
low reflectivity can not be obtained for the inspection 
tight, On the other hand, if the content of O is large, the 
film density is lowered. The EUV light absorption coef- 
ficient is decreased and the insulation is enhanced to 
cause easy occurrence of charge-up. 

(3) In case of TaBNO 

[01294] In case of TaBNQ, the contentof B Is preferably 
5-25 at% in order to achieve the amorphous stete. The 
retio of Ta, N, and 0 (Ta : (N O)) preferebiy falls within 
a range or7:2to2:7. Ifthe content of N and 0 Is sma II, 
a sufficiently tow reflectivity can not be obteined for the 
inspeotion light. On the contrary, Ifthe contentof N and 
01s larige, the film daisiiy is lowered. The EUV light ab- 
sorptioft coefficient Is decreased and the acid resistancis 
is decreased. Further, the insulation is enhanced to 
cause each occurrence of charge-up, 
[0295] As described above, the absorber layer 64 ac- 
cording to this invention preferably comprises a material 
which contains tahtalum, boron, and at least one of ox- 
ygen and nitrogen. In addition, an element such as Si, 
Ge, and Ti may be contained. 
[0296] The absorber layer 64 according to this inve n- 
tion preferably has an amorphous film structure as de- 
scribed above. A crystalline film is susceptible to stress 
change with time and is changed in suri^ace composition 
by an oxygen-conlaintng plasma process. Consequent- 
ly, the reflectivity for Itie inspection light is changed. 
Therefore, In order to be stable against each of maslt 
cleaning, atmcspheric air, and a plasma environment, 
the absorber Iayer54 preferably comprises aflim having 
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an amorphous structure without contafning,a crv«feiiBa 

part. M^^!^ 

[0297] Preferably, the atisorber layer ^'in this irfveri- 
tion has an absorption coefficient of 0.02i^-ar cno're, fur« 
ther 0.030 or more at the wavelength of the exposure' 
light In order to reduce the thickness of the absorbsrlay- 
er. The absorber layer 4 must have a thickness suff clent 
to absorb the EU V light as the exposure light. Generally, 
the thickness is on the order of 30 to 1 00 rim. 
[0298] The absoriier layer 64 In this inventfon may be 
formed by sputtering such as magnetron sputtering. For 
example, the absorber layer may be deposited tqr sput- 
tering using a target contsdntng tantalum and boron and 
an argon gas v4tti oxygen or nitrogen acid^d hereto, 
|[ef29S9 Th& stsoibsT tayer 64 In ttii^ iny^ptloif.i^y 
hav« a pretfetartntned dlstrtbirtlon ttf thlBccpnienrpfid^ 
ygen Of nKregan irt the thlckneaa dfredlohi'ln this fitvil' 
iidn, QXjrgen or nibtigan may be dtetriKutad in tlt<^ ab- 
sorber layer 64 to thai the coitiant is incre^ed from the 
side Bdiacent to the buffer layer 3 or the raflective mui- 
Ulayer Rim towards the surface. For example, the con- 
tent of nitrogen or oxygen distributed In the absorberlay- 
er 64 may be Increased from the side adjacent to ^e 
buffer layer 3 towards the surface in P>^^^%||M,4 
shape, a curved shape, or a stepwise ^^^^^^^M 
tributioh of nitrogen or oxygen rriay ea^^te ^bl^of 
by Changing, during deposltioh. the arn'gilrtl e4ftr^^0«i|, 
gen gas or a nitrogen gas added during depti^^iPT, 
the absorber layer 4, . t"?/?'* ' 

[0300] Alternatively, nitrogen or oxyg«i may be add- 
ed only to a predetermined depth Horn the surface of tiie 
absorber layer 64 (for example, over a thlotcness of 
about 10 nm to 20 nm from the surface cbntribu^ to 
reflection of the inspection light). Such distribution of nl-- 
Irogen or oxygen in the absorber layer 84 may be ob- 
tained by adjusting tha amount of the gas added during 
deposition as described above. AKa^atively, such dis- 
tribution may be obtained by at first fomriing thS absli^er 
layer containing Ta and B and then nitrfcllhg or oxiiji^ujg 
the surface of the absorber layer. Such hitrlding or oxi- 
dizing may be. cairied out by ion implantation into the 
suri'ace of the absoriier layer or by exposure of the sur- 
face of the absorber layerto plasma. Oxidizing may also 
be carried out by heat treatment, • 
[0301] Generally, as the content of nitrogen or oxygen 
is Increased, the absorptivity of the EUV light as tl;ia |x>^ 
posure light tends to be decreased. Ther^^^^^^t-^ 
distribution is formed in the thIcl(ness'(M|th^|l|l^li[ 
layer 64 so that the content of nitrogen of «xyge'n b'in-, 
creased in the vicinity of the surface of ihe absorberl^l 
er 64 contributing to reflection of the 1nspe^6l:)i^^bt 
while the content of nitrogen or oxygen is reduced in a 
portion adjacent to One buffer layer 63 not contributing 
to reflection of the inspection light, as described above, 
in this event; it is possible to suppress the reduction in 
absorpUvity of ttffi EUV light In the absorber layer 64 as 
a whole. 

[0302] Next, the buffer layer 63 of the reflec^e masM. 



blank 80 of this Invention has a Hinctiori of protecting the 

' ' multilayer reflective ftim 2 upon forming a pattern on the 
absorber layer 64 or upon repairing the pattern, 
[0303] As a material of the buffer layer 83 to be com- 

5 Dined with the material of the absorber layer 64 of tnis 
invention, i.e., the material containing Ta, B, and at least 
one of oxygen and nitrogen, a material containing chro- 
mium (Cr) is preferably used. 
{03041 The buffer layer 63 comprising a material con- 

10 talning Cr assures a large etch selectivity of 20 or mora 
with respect to the absorber laj/er 64 of this inventipn 
containing Ta. 1^e material containing Cr haa a rei^eo- 
tlvUy of about 40 % to §S % at the pattern inspection 
viAavelendth and is preferable In view of the relationship 

IS Irt reiledlvily among the aiffface of ^ multilayer reflec- 
tive fitm 62, the awfaca cf the buSer layer 63, and the 
.syriiitce of the absariber layer 64 (the reHeotiVi^ Is desir- 
ably amalter in thb Order) at the Inspection wavelength , 
which will later be described, Furiiher, the material con- 

zo tainingGrcan be removed withoutanysiibstantlaldam- 
age upon the multilayer refieotlva film 62 during removal 
of the buffer layer 63, 

[030911 Ae the material containing Cr used as the buff- 
. er layer 63 &f tbis invention , use Is preferably made Of 

25 a Cr element and a material containing Cr and at least 
one etement selected from N, O, and C, For example, 
use may be made of chromium nitride (CrN), chromium 
oxide (CrO), chromium carbide (CrC), chromium oxynl- 
tride (CrNO), and chromium carboxynitrlde (CrCNO). By 

30 adding N to Cr, Uie acid resistance is improved so that 
the teaistance againat a maslc cleaning solution is im- 
p»»ved. in addition, the smoothnasa of the film is im- 
proved and Uie film stress Is decreased. ^ adding 0 to 
Cr, tow stress controllability during deposition ia iro- 

3a proved. By adding C to Cr, dry etching resiatance ie im- 
proved. 

{03061 For example, in case of chromium nitride 
(CrN), 9 preferabte composition ratio oX chromium and 
nitrogen is Cr,.j(Nx where 0.05 S X ^ 0,5, more prefer- 
40 ably 0.05 £ X S 0.2. X being smaller than 0.05 is unfa- 
vorable in view of the acid resistance, the ftlm stress, 
and the surface roughness. If X Is greater than 0.5, the 
reflectivity for the inspection light is excessively lowered 
so that the contrast with the surface of the absorber layer 
45 64 can not be sufficiently large. To the Cr^.j^N^ film, ox- 
ygen, carbon, or the like may bs added in a small 
amount, for example, about 5%, 
[0307] The buffer iayer 63 eomprising the material 
containing Cr may be formed by sputtering such as mag- 
so netmn sputtering. For example, in case of the chromium 
nitride fiim menttonad above, deposition may be carried 
out using a Cr target in a gas atmosphere containing 
argon with 540 % nitrogen added thereto. 
[0308] in case where the absorber pattern is repaired 
S5 by the use of focused Ion beam (hereinafter referred to 
as FIB), the buffer layer Is damaged. Therefore, In order 
to prevent the multilayer reftecftive film 2 as the under- 
lying layer firom being affected by the damage, the thlck- 
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mtss of ^ tUMfi^r layer 6S ^ this IrwenQsn \& prGf^rably 
30-50 rtm. Howewr }f the R8 not used, the thickness 
may be as thJn a» 4-1©rBn; ■ 
[Osi^ B«sktes, the mat«»1alc»fth» buffer layer to be 
used in combination with the absosier layer 64 ef this 
Invention may be SiOj, silicon oxynllrlde (SiON), Ru, 
and so on. 

10310] The buffer layer is formed If ■nece^ary* ,pe- 
pendlng upon the oondition of pattern fbnnallon on^^e 
absorber or repair, the absorber layer may be fswftied 
directly on the reflective muitiSayerfitm. 
[031 1] Next, description will be made of th e multilayer 
reflective film 62 of the reflective mask bignk 60 accord- 
ing to this invention. As the reflective film 62, a multilayer 
frliTi comprising elements different In refractive index 
and periodically laminated, GeneraHy, usefe mfide .(|a 
multilayer film obtained by alternate])^M#^^^ 
films erf a heavy elemert or lt» eQmp6yn^dW|fiPl 
of a light element or its compound In irt)0|it 40 periods. 
[031 :q For example, as a mulfllayer reflsofivb f jhrii^r 
the EUV light hwAi^ a wavelength of 13-14 nhi<j(fi^te : 
preferably mads of a Mo^l peFiodic rruiRilayer fllAi com 
prising r\^o and Si alfemately laminated In about 40 pe- 
riods. Besides, as a multilayer reflective film used In the 
region of the EUV light, use may be nrade of a Ru/Si 
periodic moiliiayerfllm, a Mo/Be periodic multilayer film, 
a Mo compound/Si compound psriodio multilayer film, 
a 8i/Nb periodic mullllayerfilm, a Si/IWo/Ru periodic mul- 
tilayer film, a Si/iVlo/Ru/Mo periodic multilayer film, and 
aSi/Ru/Mo/Ru periodic multilayer film. pepending<.ippn 
the exposure wavelength, a material Is appropriatiily& 
lectsd. 

[d3131 The multilayer reflective film 82 may be fanned 
by depositing the respective layers by DC magnetron 
sputtering, ion beam deposition, or the like. In case of 
the Mo/Sl periodic multilayer film described above, DC 
magnetron sputtering Is used, At first, a Si film of about 
several nanometers Is deposited using a SI target ' 
Ar gas atmosphere. Thereafter! a Mpfllj 
eral nanometers Is deposited using &;** 
gas atmosphere. Defining the abi 
sitlon as a single period, deposifl(m is c??rlad|pu(t, 
to 60 periods. Finally, a Si film is formed. . '. , 'IWi;' 
EP314] As the substrate 61 oftherefleotlvemaslimnk' 
according to this invention, It Is prsfsrable to use a ma- 4S 
tsrtal having a iowthemial expansion coefficient {within 
a range of 0 ± 1.0 x lO-^/'C, more preferably within a 
range of 0 ± 0.3 x 1 0r^PC) and excellent In smoothness, 
flatness, and resistance against a mask cleaning solu- 
tion. Therefore, use may be made of a glass having a so 
low thermal sxpansioni for example, a SiOg-TIOn glass. 
Alternatively, use may be made of a crystallized glass 
with p-quart2solid solution precipltatetftherein, a qiiartz 
glass, a silicon or a metal substrate, arid so on.:Asi!tHe 
metal substrate, an Invar alloy {Fe-Ni alloy) may be 55 
used, 

[0315] Preferably, the substrate 61 has a smooth sur- 
face of 0.2 nmRms or less and a flatness of 100 nm or 



Issa Ir? order to sahisve high rsfiscth/i^y and h^h tra nsfer 
accuracy. In order to prevent deformation due to a film 
stress of a film formed thereon, the substrate 61 prefer- 
ably has high rigidity. In partiotler, the substrate prefer- 
ably has a high Young's modulus of 55 GPa or more. 
[0316] A unit Rms indicative of the smoothness in this 
invention is a root-mean-square roughness and can be 
measured by &ie use of an atomic force microscope. 
The flatness in this invention a value indicating sur- 
face warp (deformation) givan by TIR (Total Indicated 
Reading). This value is an absolute value of a difference 
In level aetween a highest position on a substrate sur- 
face above a focal plane and a lowest position on the 
substrate surface below tfie focal plane where the focal 
plane is a plane determined by the leastsquai^e method 
with reference to the substrate smfaqe. In this Invenlibn, 
the Hatness Is measurdd In an area of 140 mm x 140 
mm. 

[IDStT] The reflective mask blank 60 according to this 
inventton has the above-mentioned structure. 
I031&] Next, description will be mads of a production 
proosss of the reftecth/e mask usihg the reflective mask 
blank of this invention and pattern inspection. 
[0319] The refiectlve mask blank 60 {see Fig. 14(a)} 
in this invention is obtained by successively forming, on 
the substrate 61, the multilayer refiectiva film 62, the 
buffer layer 63, and the absorber layer 64. The material 
and the forming method of each layer ars'described 
above. ' 

[0320]' Next, an absorber pattern Is formed on the ab- 
sorber layer 64 6f the refieotlve mask blank 60, At first, 
an eleotron beam resist Is applied the absorber laysr 
84 and baked, Nexti writing Is carried but bythe use of 
an electron beam writer and development is carried out 
i to form a resist pattern 65a. 
[0321] Using the resist pattern 85a as a mask, the Ta- 
based absorb£ir layer 64 of this Inventktn Is dry-et(^ed 
using chlortna loform the ataorber pattern 64a (see Fig, 
14(b)). 

I 18322] Next, using hoi densA sulfuric acid , the resist 
pattern 65a remaining on the absorber pattern 64a is 
rsimovBd to form a mas1< 68 (see Rg. 14(c)). 
[0323] Herain, Inspection (first Inspection) is carried 
out to confirm whether or not the absotter pattem 64a 
is formed exactly as designed. For the inspection of the 
absorber pattern 64a, use is generally made of DUV 
light having a wavelength of about 1 SO nm to 260 nm as 
described above. The Inspection light is Incident to the 
mask 66 with the absorber pattern 64a formed thereon. 
Herein, the inspection is carried out by detecfing inspec- 
tion iight reflected on the absorber pattem 64a and in- 
spection light reflected by the buffer layer 63 exposed 
after the absorber layer 64 is removed, and observing 
the contrast therebetween. 

[0324] In the above-mentioned manner, detection is 
made of a pinhole defect {white defect) at which the ab- 
sorber layer is removed although it should not be re- 
moved, or a residue of the absorber layer (black defect) 
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which is not removed due to underetching. UpCMi oppyr- 
rence of the pinhole defect and the iinderstching deffcf , 
these defects are repaired. 

[0325] The pinhole defect may be repaired by depos- 
iting a carbon film using FIB assisted oepositfon. The 
underetching defect may be repaired by removing an 
unnecessary part by FIB irradiation or the iilte, 
[0326] After completion of the pattern inspection and 
the repair as mentioned above, the exposed part of the 
buffer layer 63 is removed in conformity with,th§.^|J§o|'.b.f 
er pattern 64a. Thus, a pattern 63a ia farth^^t^^Wfi 
er layerto produce a reflective mask 70 {s«$ l=tg. 44(a)); 
Herein, in case of the buffer layer 63 contahingj.chrort^? 
um such as chromium nitride, dry etching with a g^c^^ 
talning chlorine and oxygen may be uaed. ' ' ' 

[03Z7] Pinany, the pattern formed sfi mentioned 
above subjected to inspection for fina! OOTiflnnatlon 
(final inspeotion). The inspeotiofi for final conflrmaQoh' 
is to finally oonftrm wtiether or not the abeorber patt€im 
64a has a dimensional accuracy in exact confbnnlty with 
thk specification, in the inspection for final conftrmaion 
also, thd above-mentioned DUV light having a wsve- 
length of about 1 90 nm to 260 nm is used. The inspec- 
tion light is Inpident to the reflective nt^isk 70 in TO^i^ 
the absorber layer 84 and the buffer laylr 63 ar^' 
tamed, in this case, inspection is can-led out by detect- 
ing inspection light reflectedon the absorber patte m B4a 
and' Inspection light nsflected on the multilayer reflective 
ftim 62 exposed after the buffer layer 63 Is removed and 
observing the contrast therebetween. 
[032B] Thus, me inspection of the refleciiive mask in- 
cludes two )<lnds,i.e.; 

(a) Inspection for detecting a paiHra 
farming the absorber pattern (first in^eotloiO^ 

(b) inspection ktr confinnlng a final ipt 
the mask (final inspeofion) 

in order to accurately and quickly car^ out the inspec- 
tion in each of (a) and (b), It is necessary to obtain a « 
sufficient contrast. 

[0329] Specifically, the Inspection (a) i^equires the 
contrast of reflection between the surface of the absorb- 
er layer 64 and the surface of the buffer layer 63. The 
inspection (b) requires the contrast of reflection between « 
the surface of the absorber layer 64 and the ^urf^ of 
the multilayer reflective film 62. ^ 
[0330] The contrast value upon inspecb'bn is defined 
by the following formula. 



contrast vaiue (%) = {(Rg - Ri)/{R2 + R^)} x 100 

(where and R2 are values of refiecBvily in the 
respective layers to be Inspected, R2> ^4 
[0331] The periodic laminate film of .S||y 
■ ally used as the multilayer reflective film | 
light having a wavelength of about 13 ninhas a reflect' 




tlvity of about 60 % for the inspection light (DUV light). 
Taking t|-3 contrast with the multilayer reflective film 62 
Into sonsideration, it is advantageous to lower the re- 
flectivity on the surface of the absorber layer 64 for tfie 
inspection light. Therefore, in this ifiverilisn, it is desired 
to select the material so that the reflectivity on the sur- 
face of the absorber layer 64 is tower than that on the 
mifltiiayer reflective film 62, ■ 
[03321 Further, it is preferable to design the reflectivity 
so that the refie<^vity for the inspection light is succes- 
sively Iqwensd in the ordprcfthe surfeoe okf the multilay- 
er nsfl^ctlve ffim 2, the eumce of the buffer iayeir 33, and 
me surface of the absorber layer 64. In this manner, In 
,the Inspection in each of (a) and <b) mentioned above, 
a pottten wh«ra the absorber pattern 64a is present is 
dark without revereal of the pattern contrast. Therefore, 
the setting of the inspection apparatus need not be 
changed and the result is easily feoognizabie, 
[0333} In view of the above, it Is desired that the sur- 
face of the absorber layer 64 has a reflectivity of 20 % 
or less, preferably 10 % or less for the inspection wave- 
length. The contrast value (the above-mentioned defini- 
tion fonriuia) in the inspection is 40 % or more, prefera- 
bly 50 % or more, further preferably 60 % or more. Here- 
in, the contrast value is a contrast between the absorber 
layer and the reflective multilayer film or a contrast be- 
tween the absorber layer and the buffer' layer. 
[0334] Upon selection of the material of the absorber 
layer 64 satisfying the above-mentioned condition, op- 
timization is achieved by preliminarily obtaining the re- 
ISFtlonship among the composition of the fnaterial of the 
absorber layer 64 having the EUV light absdrptlon char- 
acteristic, the inspecttpn waveienqth , and f l^e reflectivity 
for the Inspection light. For exampte, wKh respect to a 
Bpeclfic inspection wavelength, the relationship be- 
tween the composition oT the material of the absorber 
layer 64 and the reffeetivity is obtained. Based an the 
rejation^Jp, the reflectivity on the surface of the absorb- 
er Iayer4 Is adjusted to a desired value. Speciflpaliy, the 
amount of nitrogen or oxygen added to T^B is adjusted 
so as to achieve a desired reflectivity for the wavelength 
of light used in the inspection.' 
10335] The removal of the buffer layer 63 in the mask 
production process mentioned above may not be car* 
ried out if the buffer layer 63 is thin and has less Influ- 
ence upon decrease in reflect'yit/. in this case, the re- 
flective mask is used in a state where the buffer layer 
63 covers an entire surface of the multilayer reflective 
film 82. 

[0336] As described above, in this invention, the ab- 
sorber layer 4 is formed by a material comprising an al- 
loy material containing tantalum and boron excellent In 
EUV light absorption and processablllty and at least one 
of nitrogen and oxygen added thereto, it Is therefore 
possible to obtaiathe reflective mask blank and the re- 
flective maslf having a sufflcient contrast for the Inspec- 
tion light upon Inspection of the mask pattem. 
[0337] Each of the above-mentioned reflective masks 



51 



and the sbOve-irtSmioiisd reflscthf© fRSsk iJSanfes SJ>- 
(sording to this invention is particiilarJsrsMftabte if'tiie EUV 
tight (having a wavelengti of about 0.2- W|(5ti3^5i|'MS*^_ 
as the exposure light but irray tffiaptif»ia^|ii^|i*i^^ 
HghthavinflottierwavdfengShs.. ."'J 

....... .... :: J.- J. 

EExampIesl ■ - '■ 

[0338] Now, this invantion wii] be described mere in 
dstail in coRnectlOR with spscifiosxsmplss. For conven- 
ience of description, the reference numerate in Fig, 14 
are used as appropHsie. 

Example 2-1 

[0339] At first, the reflective mask blank 80 as Illus- 
trated in Fig. 14(a) was produced, THe substratW, ,61 
used herein is a SiOg-TKJa 0lsi»*i ewbst^ (h8vjng!#» 
outer dimension of 6 Inch square aT[6 a Sickness of 6.3 
mm). The substrate 81 haa a ooefflqlent pf Ibafmal ex- 
pansion of 0.2 X 10-7/»c Sintf ^ Young's nHs0«lu» of 67 
GPa. The glase substrate was subieetsfl ^fW^etffiinSeBl 
polishing to have a smooth sur^ce otQl nmRfns at tees 
and a flatness of 100 nm or less, 
|;0340] As the multifayer reRective film 62 formed on 
the substrate 61, a Mo/Si periodic Tjui^tit^^r Vefle^^^^ 
film was used in this example In order tojorm tlie'mulr 
tilayer reflectlvB film suitable for an expSsiure light wave- 
length band of 13-14 nm, Speclffcaity, the multilayer rs- 
fieetive film 62 was fonned by alternately laminating i^o 
and Si on the substrate 61 by DC magnetron sputtering. 
At first, using a 81 target, a Si film was deposited to the 
thickness of 4,2 nm under an Ar gas pressure of Cl.l P$. 
Thereafter, using a Mo target, a Mo film vvss (JepoaJted 
to a thickness of 2.8 nm under an Argas preaattre of 0.1 
Pa, Defining the above-mentioned deposition as a sin- 
gle period, deposition was carried out in 40 periods. Fh 
nally, a Si film was deposited to a thickness of 4 nm. The 
total thickness was 284 nm. The multilayer refleotiyefjitm 
62 had a reflectivity of 65 % for light 13.4 nip'^n 
incident angie of 2 degrees. The surface Of themutliiy- 
srfilm 62 had a surface roughnese of 0.12 nmPlms, The 
surface of the muWiayer raflecUve film for Inspection 
light having a wavelength of 257 nm vyae 60*. 
[0341] The buffer layer 63 formed on the multilayer 
reneotlve film 62 eomprtees ohronlium nitride and has a 
mtokness of 50 nm. Herein, chromium nitride is repY^ 
sented by Ct'^.^ where X = 0.1, Tl:|^^jl^ffl||p 
was formed by DC magnetron sputtbriS|S^gvf^i^- 
get and a sputter gas containing Ar witHHiO % nitrogen 
added thereto. By X-ray dlffrsGtion, it was confirmed ti?at 
the buffer layer 63 thus formed had a fine crystaljfpe 
state as a crystal condition, 
[0342] The buffer layer 63 had a stress of +40 MPa. 
The surface of the buffer layer 63 had a reflectivity of 
52% for tfie light having a vravelenglh of 257 nm. The 
surface of the buffer layer had a surface roughness of 
0.27 nmRms. 



■ 153431 the absorbe* layer 64 fertned nn the buffer 
Is^T 63 In thtsi example, tanteitum boron nitFtde (TaBN) 
• i«ais fomietto a tWckness of 50 nm. In o-der to obtain 
a d^imd te^bc^tvfty Isr the tnspeotlon iight of 257 nm, 

S the relationship ijefween the composition of the material 
of the absorber layer 64 and the rsflectivity for the In- 
spection iight of 257 nm was obtained and the compo- 
sition of Ta : B ; N was determined as 45 ; 10 : 45, The" 
absorber layer 64 was deposited by DC tisgnetron 

'0 sputtering using a sintered temel containing Ta and B 
and a gas containing Ar with 40 % nitrogen added there- 
to. The relationship between a film stress and a supply 
power to the target was preliminarily obtained, The sup- 
ply power to the target was controlled so that the ab- 

is Borberlayer64 hadaefressof-^OMPa which is reverse 
to the stress of the fiiuffer iByer 63. The abso»t>er layer 
64 deposited und^ th6 afoove-mEiif^toied d^sition 
condiUort had an emc?(|>h0ys .^topture. The surface of 
the absetber layer 84 had $ refteptivlty of 20 % for the 

20 light of Z$T nm and an ^bsorpQort coefncieni of 0,036 
for the mv light of a wavtelfengfh ofl3.4 m-. The sur- 
face Of the absorber te^er hsKi a surfece roughness of 
0.25 nmfims, 

[0344] As described above, the reflective mask blank 
25 60 in this example was obtained as illustrated in Fig, 14 
(a). 

[0345] Next, description will be made of a method of 
producing the reflective mask 70 illustrated in Fig. 14(d). 
At first, an electron beam irradiation resist was applied 

30 on the absorber layer 64 of the reflective mask blank 60, 
By electron beam, a lOGbit-DRAM pattern with 0,07 nm 
design rule was written. Then, davelppment vres cerried 

' out to form the resist pattern 85a, 

[034(q With the resist pattern 65a used &1i a mask, the 

39 absorber layer 64 was dry-etched using chlorine to form 
the absorber pattern 64a (see Fig, 14(b)), 

[0347] Next, the resist pattern 65a remaining on the 
absorber pattern 64a was removed by hot sulfuric acid 
at lOO-'C ^0 obtain the mask 66 (see Fig. 14tc)). 

40 [0348] inthisstafe, the absorber pattern 64a was in- 
spected. As HIitetrated In f)g. 15, ttie ^sorber pattern 
&4awas tnapfl«i»d by Hie use of fhe inspecfloti llghthav- 
!ng a wavelength «^257 nm and incldenlto the surface 
of the mask 66 and monitoring the contrast between iri- 

4B speotton Bght A reflected by the absorber pattern 64a 
. and inspection light B reflected on the surface of the 
buwer layer 63. 

[0349] The ratio of reflectivity for the inspection light 
between the surface of the buffer layer 63 and the sur- 
so face of the absorber pattern 64a is 1 ; 0.38, The contrast 
value by the above-mentioned definition formula was 44 
%, Thus, a sufRcient contrast was obtained in the in- 
spection.. 

[0350] Next, the chromium nitride layer as the buffer 
S5 layer 63 remaining on a reflection region (an area where 
the absorber pattern 64a is absent) of the mask 86 was 
removed in conformity with the absorber pattern B4a to 
fomn a buffer layer pattern 63a (see Fig. 14(d) described 
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above). The biiferlsryer 6» waiS,removdl%-diy-feijj!^ 

[0351] As described above, the reflective mask 70 
having the structure illustrated in Fig. 't4{d) was Ofe. 
iaifiea. 

[03921 After the pattern 63a was fbrnfied cm the buffer 
layer as described atiov^, the refteqtiye mask 70 
subjected to the rnspet^dn for finaJ ccififirmatitHi, As iti- 
spectton light, light having a.wavetsngth of 2&7 nm was 
used, The light was incident to the surface ef the matsk 
70 as HlustrntedinFlg. 1Q. Observation ^ps rrM»iaqff|e 
comraat between Inspection light C refracted i^r ths^J^; 
sortiei' ptattern 64a and ins|MCtion light O^irefisctieicfDn 
the multilayer reflQctive film 62. The ratto of PsfieciMty 
for the irtt^idiR light betwdeft thef suriispe of the mul- 
tilayer reifTaotive film ^ aicposed after tha bufar layer 
B3 was rerfioyed and the surfetce of the absortwr paftem 
64a is 1 : 0.33. The contrasi vahia wsk 50 %. Thus, a 
sufficient contrast was obtained in thd in^aotlon forfi^i 
confirmation also. . , 
[0353J By the Inspection, it wm'oO^l^^lt^i'^-, 
16Gblt-DRAM pattern with 0.07 jim dSf^n^ W'wra^^^ 
formed on thte reflective mask 70 exactly is desigfii^d- li 
[0SS4J Next, description will be made of'a nl'ettelf$l 
transferring a pattern by EUVlightontoa semiconductor 
substrate (silicon wafer) with a resist by the use of a pat- 
tern triansfer apparatus shown in Fig. 17 and the reflec- 
tive mask 70. 

[Q35^ The pattern transfer apparatus 50' with the re- 
ftedive mask 70 mounted thereto generally eompilses 
a isffisr f^ssma X-ray source 3?, the reflacSve mitsk 70, 
and a radtieing optteal system 33'. The radudng of^cai 
sydiem 33' comprtsds ^ X-^nty n»fieo&&n mirror. ^Tha 
pattern r^eoted by f^ie reflective ma^fO lfirgfti#i|ir 
raduosd to about 1/4 by the reducing Ofitlq^ sysfAtiilSf, 
Since the wavelength band of 13-14 nm Is used sis thfe 
exposure wavelength, an optical path was preilmlnsrfiy 
positioned in vacuum', 

[0356] In the above-mentioned state, Hie EUV light 
obtained from the laser plasnna X-ray source 32* was 
incident to the reneotive mask 70. The light reflected by 
the mask was transferred to the silicon wafer 34' throiteh 
the reduolng optical system 33'. - 
ttJ357] The light Incident to the refle6tT^ JiW^^ > 
absorbed by the absorber layer and w^llnot reflecled 
in an srsa where the absorber pattern 64a is'pr^s^: 
On the other hand, the light incident to an arfiia Wfre 
Hie absorber pattern e4a is not present was reflected by 
the multilayer reflective film 62, Thus, an image formed 
by the light reflected from the reflective mask 70 was 
Inddent to the reducing optteai system 33'. The expo- 
sure light passing through reducing optical system 
33' exposed- a transfer pattem to a resist layer on flie 
silictin wafer 34'. By developing the resist layer after ex- 
posure, a resist pattem was fonrjMl on the silicon wafer 
34'. • ^ , 

[0358] As described above, pattem 'transfer onto'ibb 
semiconductor substrate was carried oiit 'As a re^iJli It 



was conSmied that the reflective mask 70 In this exanv 
pte h0d aft acouist^ of 1$ nmo^ifitt^ whtoh Isa rattulred 
accwraoy hi the ro nm design njle. 

s Exarnplet-t 

[03593 This example is different from Example 2-1 in 
that tantalum boron oxynRride <Ta6N0)wa8 used 89 a 
material of thqi at«wrb|ff teywr 64. 

10 [Q3GQ] tnthemaRt^9lmll«rtt)Example2.1,memul- 
tilpyerraflectCveftliriida^i^tltheiniflis . 
nUttmnltrttewftisfbiwedtinlheaubtSratefll. 
103611 Next, on the fatrffer layer 6d, a tantalum feoron 
oxyrlSftriefe (taiNO>filrrtwS8f6ifrrted as the absorber lay- 

is ef 64 to a thkSifeness of 50 nm. The aN&fber layer 64 
waa isiw^nsied by DC maghetrori sputtsring using a target 
containing Ta and B and a mixed g$8 contalhlng AC with 
10 % nitrogen and 20 % oxygen addsd thereto. By con- 
trolling the sputtering Gonditlon , the stress of the absorb- 

20 er layer 54 was adjusted to -50 MPa. 

[0362] TOth reference to the relationship beteveen the 
composition of TaBNO and the reflectivity forthe inspeo- 
tlbh light having a wavelength of 257 nm, the composi- 
tion of the material of the absorber layer 64 was selected 

2S so that a desired reflectivity Is obtained. Specifically, Ta : 
B : N : O = 55 : 10 : 10 ; 25. The absorber layer 64 thus 
deposited had an amon^ous struoturB. The isuefaoa of 
■ the absorber layer 84 hsd a reftecfivlly Of 1 6 % for the 
tight of 2S7 nm and an absorption coefficient of 0.036 

30 fOr the EOV light having a way^ength of 1 3 ,4 nm. The 
surflaoe rotighiiasson the ^irfjace of the afosoiter layer 
• yis& p.25 nn^Rma. 

ffiii^ As described above, thte reflective inesk blank 
. SO in this example was obtained. 
36 [0364] Next, In the manner slnillar to Example 2-1 , a 
reflective mask was produced from the reflective mask 
blank in this example. 

(03651 Specifically, the absorber pattern 64a was 
fomied on the absorber layar 64. Mer the resist pattern 
40 65a left on the absorber pattern 64a was removed, the 
absorber pattem 64a was Inspected in the manner sim- 
ilar to Example 2-1. 

[0366] In this example, the raao of reflectivity for the 
; Inspection light between the surface of the buffer layer 

ts 63 and the surface of the absorber pattern 64a was 1 : 
0,29. The contrast value was 55 %, Thus, a sufficient 
contrast was obtained in the inspection. 
[0367] Next, in the mannersimHarto Example 1-1 , the 
chromium nitride layer as Itie bufler layer 63 remaining 

50 on the reflection region (the area vyhere the absoiter 
pattern 64a is absent) of the mask was removed in con- 
formity with the absorber pattern 64a to form the buffer 
layer pattern 63a. After fte pattem 63a was formed on 
the bufler layer, the reflective mask 70 was.subjected to 

ss the irtspectlon fbrflnal confinnation In the manner similar 
to Example 2-1. 

[03661 The ratio of reflectivity for the inspection light 
between surface of the multilayer reflective film 62 
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Bxpoaed gfler Ihs buffer layer 63 was removed and the 
surface of the absorber pattern 64a was 1 : 0,25. The 
contrast value was 80 %, Thus, a sufficient contrast was 
obtained in tha inspection for final confirmation also, 
[0369] As described above, ttie reffectiVB mask 70 in s 
this example was oiatainBd, it was confrrmed by the in- 
spection that, irt the reflective mask 70,in this example 
also, a 16Gbit-DRAiVI pattern with O.DT'iot design 'Wb 
was formed exacHy as designed, ■ f*'^ 

j;037Qi Using the reflective mastc 70 in this example, 10 
pattern transfer onto a silicon wafer was carried out by 
the use of the pattern transfer'sfiipsrabs iliui^ted in 
Fig. 1 7 in the manner similar to E>iam0e2-1 . M a fftSuit, 
it was confirmed that the reflective ma^ in this example 
had an accunsicy of 16 nm or lew v*lch is a required « 
accuracy In the 70 run dasign rufe. 

10371] This example is dlfto^nt from Examplefs pi zo 
and 2-2 In that tantalum boron oxide (T^BQ) wasbsed 
as a material of the absorber layer 64. 
r0372] in the manner similar to Example 2-1 , the mul- 
tilayer reflective fflm 62 and the buffer layer 63 of chro- 
mium nitride were formed on the substrate 61 , 25 
10373] Next, on tire buffer layer 63, a tantalum boron 
oxide <TaBO) film was fomied as the absorber layer 64 
to a thickness of 50 nm. The absorber layer 64 was 
formed by DC magnetron sputtering using a target con- 
talnlns tahtalum and boron and a mixa^l gas bonta|fi||ig so 
Ar with 25 % oxygen added thereto. By'iBbntrolHn^'tftf 
sputtering condition., the strdds of the absorber layer 84 
wfes adjusted to -SO MPa. Forflie mBtisjrtal of the absorb- 
er layer, the relationship between U)e coTnpoattlon of 
TaBO and the reflectivity for the Inspection l^M having ^ 
a wavelength of 257 nm was oMained. The composition 
was selected as Ta ; B : 0 « 45 ; 1 0 : 45 so Oiat a desired 
reflecUvity was obtained. The absorber Iayer64 thys^e- 
posited had an amorplraus structure. Th#U(f8^pf ' 
absorber layer 64 had a reflectivity of fej'tfilljgli.t, «> 
of 257 nm and an absorption ooefncient'^ 0.035 forQi]^ 
EUV Nght having a wavelength of 1 3.4 nm. Thb sur^op 
roughness on the surface of the absorber teiyef wap^^S 
nmRms, 

[0374] As described above, the reflective mask btenk « 
60 In this example was obtained. ■ 
[0375] Next, in the manner similar to Example 2-1, a 
reflective mask was produced from the reflective mask 
blank in this exa"mpie. 

[0376] Specifically, the absoriSer pattern 64a was w 
formed on the absorber layer 84. ^rthe resist pattern 
85a left on the absortier pattern 64a was removed, the 
absorber pattern 64a was inspected in the mVnnec'^il- 
ilar to Exam pie 1-1. ' ' '•'f^: 

[0377] In this example, the ratio of reflectivity for yie 55 
inspection iighi between the surface of the buffer layer 
63 and the surface of the absorber pattern 64a was 1 : 
0.19. The contrast value was 68 %, Thus, a sufficient 



contrast was obtained In the inspection. 
[037£f] Next, In the mannersimilar to Example 1-1, the 
chromium nitride layer as the buffer layer 63 remaining 
in the reflection region (the area where the absorber pat- 
tern 64a is absent) of the mask was removed in con- 
formily with the ausorbei" pattern Q4a to form the buffer 
layer pattern B3a. After the pattern 63a was formed on 
the buffer layer, the reflective mask 70 was subjected to 
the inspection forf Inal confirmation in the mannersimilar 
to Example 1-1. 

(^781 The ratkJ of reflectivity for the inspection light 
betwssrt thsr $uif8ce of the mulfilayer renecUve Sfm 62 
exposed sdterthd tiuifef ¥y«r 63 wets rstnovsd and 
surface of the absorber pattem,64B was 1 : 0.17. The 
contrast value was 71%. Thus, a suffjclent contrast was 
obtained in the inspeetksn ^ftfia! oonfinnation also. 
[03Bq As described aiiove, (he fi^leottve mask fn this 
example was obtained.' It was conflnnned by tie in«pec- 
tion that, in the reflective mask in this example, a 
16Gbit-DRAM pattern with 0.07 |xm design mie was 
formed exactly as designed. 
[0381] Using the reflective mask in this example, pat- 
tern transfer onto a silicon wafer was carried out by the 
use of the pattern transfer apparatus Illustrated in Fig. 
17 in the manner similar to Example 1. As a result, it 
was conftrmsd that the reflective mask In this example 
had an accuracy of 15 nm or less which Is a required 
accuracy in the 70 nm design rule. 

Comparative Example 1 

[03SiZ] This comparative example is diffarentfrom Ex- 
amples 2-1 to 2-3 dee'ctlbed above In that a tantalum 
boron alloy (I^B) not containing nitrogen and oxygen 
was used as a meterlal .of Bis absorbs layer 84. 
[0383] In the manner similar to Example 1 rl , the mul- 
tilayer refteetive film 62 and the buffer layer 83 of ohro- 
' mium nitride were formed on the substrate 61 . 
IP384] Next, on the buffer layer 83, a tantalu m boron 
(TaB) film was formed as the absorber layer 64 to a thick- 
ness bf 50 nm. The absorber layer was formed by DC 
magnetron sputtering using a target containing lanlatum 
and boron and an Ar gas, By oontroiilng the sputtering 
condiUdn, the stress of the absorber layer was adjusted 
to -60 iVIPa. In the absorber layer, Ta ; B = 4 : 1. The 
absorber layer thus deposited had an ainorphous struc- 
ture. The surface of the absorber layer 64 had 3 rsflsc- 
tivity of 40 % for the tight of 257 nm. 
[0385] As described above, the reflfective mask blank 
in the comparative example was obtained. 
[0388] Next, in the manner similar to Example 2-1 , a 
reflective mask was produced from the reflective mask 
blank in the comparative example. 
[0387] At first, the absorber pattern 64a was fbrnied 
on Uie absorter layer 64. After the resist pattern left on 
the absorber pattern was removed, the absorber pattern 
was inspected In the manner simflar to Example 1-1 . 
[0388] In the comparative example, th6 raUo of refleo- 
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tlvlty for the inspection light between the surface of the 
buffer layer and the surface of the absofber pattern-jwas 
1 ,•0.77. The contrast value was 13 %. Thus, a suflTcl^tif 
oontrast was not obtained in the inspection, 
^SSj Next, intharnsnMsr3lrrtliartcC!xQrnp!6 2-1,th6 > 
chromium nitride layer as the buffer layer remaining in 
the reflection region (the area where the absorber pat- 
tern' is absent) of the rna^K wfta rwtovfiici^n epnformiiy 
with the absorber partem 648 to f&m buffer layer 
pattern. After the pattern Wfild fefWieidf ort ft«» buffer layer . ic 
63, the refteeSve mask vmi subjected tp^J{^|R^£ - 
forflr^l cQfiftmtstion In tbd marmer 8inaHi^^.'^a^W 
2-1. "".^j ■ " ' 

{03Sd] The ratio of reflectivity for the inspeptfon W 
between the surface of the multilayer reflective f^f^ is 
exposed after the buffer layer was removed and the sur- 
face of the absorber pattern 64a was 1 ; 0.67. The con- 
trast value was 25 %, Thus, a sufficient contrast was not 
obtained in the inspection for final confinnation. 
[03S1] in the reflective masic in the oomparath^e ex- 20 
ample, a sulficient contrast was not obtained as de- 
scribed above. Therefore, an accurate inspection could 
not be carried out. it was therefore impossible to confirm 
whettiSTflFoot a 1 6©blt-DRAM pattam vM\ 0.07 nmde- 
s^n nils was formed exactly e»de5^i!]fed ' 'p.:^-': 

Example 2-4 (mode without the buffer layer, TaBN) 

[03921 )n the manner almtlar to Example 2-1, a;Mo/Si 
periodic multilayer refiecQve film waa fbrirtiad oft a gliass 30 
substrate. Herein, a Si film as an uppermost (^yer«ua$ 
formed to a thicitness of 11 nifi, constdefrtng tl^B reduc 
tiofl m film thickness tfuilhg foxtm ibmi^ficrt onjd^a 
absorber layer. ■ 'AMi ' 

TherefliaotivltyonthsmQitit . 
was 60 % for the inspection light having wavelei 
of257nm. ' 
[0394] The reflectivity for the EUV light (at an it 
angle of 2 degrees) having a wavelength of 13.4 hmwas 
64%. 40 
[0335] Next, as the absorber layer, tantalum boron ni- 
tride (TaBN) was formed on the multilayer reflective ftim 
to a. thickness of 100 nm. 

[0396] Considering the reflectivity for the inspection 
light having a wavelength of 257 nm, the composition of 
the TaBN film was determiriBd as Ta : B : N = 45 ; 10 : 
45 like in Example. 

[0397J The TaBN film was fornned bf PC magfetip 

sputtering in the manner similaf to Example 2-1 . Herein, 

as a resuK of adjusting the supply power to the target, so 

the TaBlsf film thus obtained had a stress of -30 MPa. 

The film had an amorphous stmcture. 

[039S] The reflectivity on the surface of the TaBN film 

was 20 % for the light of 257 nm. 

[0399] the surface roughness was 0.1 9 nmRms and ss 

a very flat surface was obtained. . ..^n^di^i^i-^l 

[0400] As described above, the reflec||\^''m^|i-J|p - 

in this example was obtained. ' ^J' ' * \ ■ ' 



[0401] In the manner similar to Example 2-1 , a part of 
the TaBN ai>sorber layer of the reflective mask blank 
thus ob^ined was removed and patterned using a chlo- 
rine gss to expose the multilayer reflective fiim. Thus, 
the absorber pattsTM Vvaa foRTigd. ■ 
[0402] fn this state, the absorber pattern was inspect- 
ed using the inspection light having a wavelength of 257 
nm. The ratio rfjlsfiti^ t»etwee«i thQ inspection fight 
reflected on the mtfSiti» of a£tiK»daier ptsSum and Sis 
inspection light rrffilH^afi tHewtfecs of Uiefhulflltyer 
reHecthre filittiema 1 ; 3, tn^ contrtat value ms m %. 
Thus, a suffNent contrast was ot^atned. 
[04(^ As desortbed abov^, pattern inspectton of the 
r«fl^lvs rtiask in this example was carried out success- 
fully. 

[044)141 ^sin0 the reflective mask In ttils example, pat- 
, tern transfer was carried out onto a semiconductor sub- 
strate with a resist in the manner similar to Example 1. 
As a result, it was confirmed that the reflective mask In 
this example had an accuFacy of 16 nm or less which is 
a required accuracy in the 70 nm design rule. 

Example 2-5 (mode without the buffer layer, TaBO) 

[0405] in the manner similar to Example 4, a reflective 
mask biankanda reflective mask we re produced except 
that tantalum boron oxkle (TaBO) was used as a mate- 
rial 9f the absorber layer. 

[0409] Considering tiie reflectivity for the inspectton 
tllitit having a wavelength of 257 nm, the TaBO absorber 
Isy^r had a oompostUon oCTa:BiO~45:10:45 similar 
to Exatnpki 3. Tbsthlckti^ was 1i;tO nm. 
|Q40>^} Tha T^BO abWb«r lay^r wsa fonned by DC 
ma^nstrbn sputtering in the manner sMar to Example 
3. Hfirein, as a result of adjusting the supp^ powar to 
the target, the TaBO film thus obtained had a stress of 
-20 The film had an amorphous structure, 
[0408] The reflectivity pn the surface of the TkBO film 
was 10 % for the light of 257 nm. 
[0409] The surface roughness was 0.20 nmRms and 
a very flat surface was obtained. 
[0410] As aescriQed above, the refieGtive mask blank 
In this example was obtained. 
[0411] In the manner similar to Example 2-4, a part of 
the TaBO absorber layer of the reflective mask blank 
thus obtained was removed and patterned using a chlo- 
rine gas to expose the multilayer reflective film. Thus, 
ibe absoriSer pattern was fbrmed, 
[0412] In this state, the absorber pattern was inspect- 
ed using the Inspection light having a wavelength of 257 
nm. The ratio of raflectMty between the Inspection light 
reflected on the surface of the absortter pattern and the 
Inspection light reflected on ^e surfaoe of the multilayer 
reflective film was 1 ; 6. The contrast value was 71 %. 
Thus, a suffkdent contrast was obtained. 
[0413] As described above, pattern Inspection of Uie 
reflecth/B mask in this example was carled out success- 
fully. 
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[041 41 Using the reflectfvB mask in tfite «tamalB, pat- 
tern transfer was carried out onto a semieoRCtueitOr j^ut>' 
stratB with a resist in the manner simiter'ld fi^amiyi^^'J' 
As a result, It was oonfirmad that the reflective mssitln 
this example had an accuracy of 16 nm or tees which 1$ 
a required accuracy in the nm design ruie, 

Comparative Example 2 {SiOj buffer layer + TaO single 
layer) ■ 

[0415] fn the manner similar to Exam^fite 2?j u^M^QlBl 

multilayer reflective film was formed ar\ % giSSk %Sb- 

strate. ■ y-t 

[0416] Next, on the multilayer reflective film, a:Sf02 

film was formed as the buffer layer to a thickne'ssl^^, 

m. 

[D4in The SiOsfllmAvas deposited by 00 maghetmn 
spirtter'mg using a Si taiigst and a mixetf gas of argon 
andcncygen, 

t041&| The surface ST tlre SIOs buffer layer rtad a re- 
fiaeth^ cif 42 % ibr Uis inspection light having a wave- 
fangthafasrnrn. 

{0419} The surface roughness was 0.5 nmRms and 
was greater tiian that of Uie CrN filfn in txanjplee. , 
[0420] Further, on the 8I(^ buffer We^ihe at}8„^7||^ 
layer of tanteiium oxide {TsO) was fornisd tq a thicM* 
of70nm. 

[0421] Formation was carrtsd out by DC magnetron 
sputtering using a target cor^atnlng Ta and a mixed gas 
dontalning Ar with oxygen added tftereto. 
[04221 The TaO flim thus formed had a composition 
of m:Os{8Q; 40) and was a crystalline flim. ' 
[0423] The surface of the TaO fllm^ ^t?."!^!^^^ 
a reflectivity as low as 12 % for the InsFi^P^^^^ 
ing a wavelength of 257 nm. On the other hbtic^ewiP- 
face roughness vubs as considerabi); '^reat ap 
nmRms as oompared with Examples of thls^^iyejipi 
because TaO was the crystalline fiim. ' '^F 

jp424] The ratio of reflac«\«y for'the inspeol tight be- 
, tween the surface of the absorber layer and the buffer 
layerwasi ; 3,5. Thecontra6tV8!uewM56%. The ratio 
of r^ectlvtty between the surface of tha absorber iayer 
and the surface of the multltayer reflective film was 1 : 
6. The otmtrast value was 67 %. Thus, a sufficient con- 
trast was obtained in the inspection. 
[0425] Using the reflective mask in this comparative 
example, a pattern was transferred onto a. semiconduc- 
tor substrate with a resist in the manner slmiiap-ioffe)?- 
ample 2-1 . As a result, in the reflective niask in this com- 
parative example, the edge roughness of the pattern 
was great because of a targe surface roughness on the 
surface of the absorljer. Therefore, an accuracy of 18 
nm which is a required accuracy In the 70 nm design 
rule could not be satisfied. 




UQd» in whfeh the composition varies towards the 
sudiace (TaBNO) 

5 

[0426] in the manner similar to Example 2-i , a iwo/Si 
periodic multilayer reflective film and a CrN buffer layer 
were formed on a glass substrate. 
[0427] Next, on the CrN buffer layer, tantalum boron 

10 oxide (TaBO) was formed as the absorber layer to a 
thickness of 50 nm. The TaBO film was formed by DC 
magnetron sputtering. A target contairting Ta and B was 
used. A mixed gas of Arand oxygen was used. Herein, 
the introduced amount of oxygen was substantially lln- 

« eartjf jficreaaed from o % to 25 % wfth time of deposition. 
f04^ The 1^b6 fttm am obtained had a stress of 
-SO MPa. The Aim had an emorphoiis stmcture. 

Conflmiatlofi W«s made by X-ray photoelec- 
trtm epeotnoacOf^ (XPil).i^ a raautt, the T^BO film thus 

20 obtatned had a dyributton of composition in whtch the 
content of oxygen is increased In the thickness direction 
from a side adjacent to the buffer layer towards the sur- 
face of the absorber. 

[0430] TheuppermostsurFaceof theTaBOfl'mhsda. 

25 composition of Ta ; B : O = 45 ; 1 0 : 4S apprdximatBly. 
[0431] The reflectivity on' the surface of the TaBO filrh 
was 12 % for the light of 257 nm, 
[0432] The surface roughness was 0.24 nmRms and 
a visry smooth surface was obtained. 

90 [0433] As described above, the reflective mask blank 
in this example was obtained, 
[04^] Next, using the mask blank, a reflective mask 
having a 1 60blt-DfiAM pattern with 0.07 design rule 
was produced. 

3B [mzSi ,.At first, in tite mann«r aDtiilar to Sxample 2-1 . 
s reg^t pattertt wa» fonnad on the abaorbef le^r. Sub- 
sequently, by (hry eteiiing ufting a ohlbrlne pa, the TaBO 
absonrber layer was patterned In conlbnmlty with the re- 
sist pattern to ej^ose a part of the CrN bufer layer. 

40 [0438] Herein, the absorber pattern was Inspected UE« 
trig the inspection light having a wavelength of 257 nm. 
[0437] The ratio of reflecttvi^ for the inspection light 
between the surface of the absorber layer and the sur- 
face of the buffer layer was 1 : 4.3. The contrast value 

45 was 63 %. Thus, a sufficient contrast was obtained, .' 
[D438J After detected defects were repaired by FIB, 
the exposed part of the CrN buffer layer was rBmoved 
by dry etching using (jhtorine and oxjsgsn In eoriform|ty 
with the absorber pattern, 

so [0439] As described kbove, the reflective mask in this 
example was obtained,' 

[0440] The reflective mask was subjected to final in- 
spection, of the pattern by the use of the inspection light 
having a wavelength of 257 nm. The ratio of reflectivity 
ss for the inspection light between the surface of the ab- 
sorber layer and the surface of the muKilayer reflective 
film was 1 : 5. Tha contrast value was 87 %. Thus, a 
sufficient contrast was obtained. 
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[04413 In the manner aimirar to example 2-1 . pattern 
transfer was carried out onto a senalconductor substrate 
(silicon wafer) with a resist by the use of the refiedive 
mask in this example. As a resuK, it wa» conflnmed that 
the refiective mpisk m tMd ^x^mpld had «n aMMJfS'&y of 
1 6 nm or less whidi is » me^MA ^^xame^ In the 0JD7 
ixm design rule. 

9c^|iad In tite f«u^Qlns h a 




uttravioiet region and an ab^ri^er ^r for absorb- 
ing thie jfexpbauf^ f^Sttt ars successively formed, the 
ab?iojtierfstyar h^iag an at least two-layer structure 
including a$ a lower layer an eKposure tight absorb- 
ing i^'er semprisir,^ an absorber for the exposure 
Kgbt and as an upper layer a low-reflectivity layer 
comprising an absorber for inspection light used in 
ihijiectiOM Of 01 Kfaak pmtn, ttiQ Mppor layer being 



<2-1} In a nsf!ect|^,nfi%Ht)tenksqmi:»taii^M 
atrate on which a imiMay«r ntMtm f$mfwt^ 
ing exposure l^ht, a buffer layer, and an abab 
layer for absorbing the exposure light are succes- 
sively fonned , the absorber layer Is made of a ma- ^5 
tertel containing tantalum (Ta), boron (BJ, and nilro- 
^tt 1^) . The composltton of Ta , B, and N is selected 
so that tha content of B is 5 at% to 25 at% and the 
ratto of Ta and N (Ta ; N) falls within a range of 8 : 
1 to 2 ; 7, Thus, the reflectivity of the abaoiter layer 20 
for the pattern inspection wavelength Is sufficiently 
lowered so as to improve the contrast during pahem. 
inspection. As a result, it is possible to accunatf^- 
and quickly carry out pattern inspection. 
(2-2) The absorber layer is made of a material con- as 
taining tantalum (Ta), boron (B), and oxygen (O). 
Like in (2-1), by fonnteg the absorber layer using s 
specific material, a sufficient contrast ia ptstanieft in 
pattern inspection. It is therefore pOssNe W a^u- 
rateiy and Cjuickty carry out patteriri inspectf^. so 
(2-3) The materlal-of the dbsorbarl^^^jAf , ■- 
ther contains nitrogen (N). Thus, l«W|a^fP^ft^' 
effect of (2-2), an effect of Improvingf^the smooth- 
ness of the film of the absorber layer is ot^^ineC; ' 
(24) The material of the absorber layer hisftn 35 
amorphous state. Thus, in addition to the effects in 
(2-1 ) to (2-3), it is possible to obtain sn effect of sta- 
bilizing the structure of the absorber layer so that 
the reflectivity for the Insoection light Is unchanged..- 
(2-5) The buffer layer is made of a material contain- 40 
ing chromium (Cr). Thus, the etch seleotivily with 
the tantalum-based absorber layer in this invention 
Is large. The relationship with the reflectivity of other 
layers forthe inspection waveiengtti is easily adjust- 
able. Further,' there is another effefet that' the '6||bc « 
layer can be removed vvithout no si^b'atantiaid^^' 
age upon the multilayer reflective fBm. 
{2-€) A reflective mask dbtairted by the use of the 
reflective mask blank In this invention assures a suf- 
ftoient contrast In pattern inspection and enables so 
accurate and quick pattern inspection. 



upp^rtayer i» {fiade of a rhatedal containing 
tantakim (Di), boron (9), mi nitKjgen (N), the 
c&nim of B baing 5 at9e^ to 30 3t%, mo of 
Ts a«Kl M (Ta : ^1) l^liig wlthfh a r^a Df 8 1 

t02:7. - 

A reflective mask t^tank comprising a substrate on 
which a reflective layer for nsflecting exposure light 
In a short-wavelength region including an extreme 
ultraviolet region and an absorber la^r for absorb- 
ing the exposure light are successively formed, the 
absorber layer having an atleast two-layer structure 
including as a lower layeran exposure light absorb- 
ing layer comprising an absorber for the aieposure 
light and as an upper layer a low-rsflactivlty iaysr 
oomprtsing an absorber for inspection light used in 
inspection of a mask pattern', the upper layer being 
faiihar froffl the substrate than the lower layer, 



the upper layer la made of a material containing 
tantalum (Ta), boron (B), and nitrogen (N) and 
having an amorphous state. 

3. A reflective mask blank comprising a substrate on 
which a reflsctivs layer for reflecting exposure light 
in a short-wavelength region including an extreme 
ultraviolet region and an absorber layer for absorb- 
ing the exposure light are successively formed, the 
absorber layer having an at least two-layer stnj ctu re 
Including as a lower layeran exposure light absorb- 
ing layer comprising an absorber for the exposure 
fight and as an upper layer a low-reftectivlty layer 
comprising an absorber for inspection light used in 
inspection of a mastc pattern, the upper layer beir^ 
fiariher firom the subatrate than the lower laycH-, 



1. A reflective mask blank comprising i/sub^rate oh 
which a reflective layer for reflecting exptwy rk^i 
in a short-wavelength region including an eXleme 



the upper layer is mads of a material containing 
tantalum (T^), boron (B), and oxygen (0), 

4. The raflective mask blank as claimed in claim 3, 
wherein the upper layer further contains nitrogen 
(N). 

5. The refiective mask blank as claimed in any one of 
claims 2 through 4, wherein the upper layer con- 
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ts!nsS-a-5«t% boron {m. 

A reflective mask blank oomprtslnfi a sub^r^ on 
which a reflective layer for nsflectipifg e^fposori iW|tt 
In a short-wavelength region inciudfr^g aft 0X^1(8 
ultravKilBt region and an sbsorber iaysrforabso'b- 
Ing the exposure tight are successively formsd, the 
absorberlayer having an atleasttwo-layerstcucture 
trtotuiBno as a lower layer an exposure light absorb- 
tFig feyttr m&f^rtg an absoiter for th$ @xpH3sure 
light and as an upper layer a low-n»flect|^y layer 
comprising an absorber for in8pdOtl0giiMi^i|^g|ljA 
inspection of a mask pattenfi, th^ 4J|)W^P^|i^ 
farther from the substrate than thrldi^r laytr. 



. the uppar layer Is made of a material ooni^iAfrfg 
Ta, at las^t one of Si and Ge, and at lea&t one 
of nitrogen and twygsn. 

A reflective mask blank comprising a substrate on 
which a reffectlvB layer for reflecting exposure light 
in a short'wavei^ngth regbn including an extras 
ultraviolet region and an absorber layer for absorb- 
ing the exposure ligfit am successively formed, the 
absorber layer having an atleasttwo-laye'rstructiJre 
Including as a lower layer an exposwre light absorb- 
ing layer comprising an absorber for the exposure 
light and as an upper layer a low-refiectivity layer 
comprising an absorber for inspection light used in 
Inspsctlon of a mask pattern, tlw upper Jiyer being 
farther from the substrsie than the lower layer, 



the upper layer is formed by | 
talnfng Ta, nitrogen, and oX^' 

The reflective mask Mank as claimed in any 'pn||9^ 
claims 3 through 7, vutiereln the mate'riai.of 
per layer has an amorphoua state. 

A reflecthfe m^k blank comprising a substrate on 
which a refiedtve layer for reflecting exposure light 
in a short-wavelength region irwhiding an extreme 
ultraviolet region and an absorber layerfor absortt- 
Ing the exposure light are successively formed, the 
absorber layer having an at least two-layer structure 
including as a lower layer an exposure light atssprb- 
ing layer opmprising an absbrber-for the axpdsure 
light and as an upper layer a low-reflectivity liyer so 
comprising an absorberfor inspection light used |n 
Inspection of a mask pattem, the upper ^yer belrig 
farther from the substrate than the lower layer; 
wherein: 

S6 

the low-refleotivity layer as Uie upper layer 
comprises: 



at teast one sefeded from a second group 
Including: 

one of nitride, oxide, and oxynitrlde of 
. . one element selected from a first 

group inciuciing chromium, rrtanya- 
nese, cobalt, copper, einc, gallium, 
germanium, molybdenum, palladium, 
silver, Dadmium, tlnr, aRtitnony, telluri- 
um, iodine, hafhiufl(T, l^mgatan, fKanl» 
urn, and gold; 

one of the nl^de» the oxide, and the 
OAyrtltrfete Witt* jSHicwi aaded thereto; 
one of nitride, oxide, artd c»cyn1tride of 
an attoy oonfainlng one element se- 
lected front %e first srwp; 
oi^ of 8ia nitride, the oxMe. artd the 
oxynKrlde trf the alloy with silicon add- 
ed Uiefeto; and 
siiicoti oxynitrlde. 

10. The reflect maeii blank as daim^ in claim 8, 
whera^: 

the exposure Bght absorbing layer as the lower 
layer oompHees: 

si least one selebted from a third group in- 
cluding: 

one eiert«snt selected from the ^rst 
group; 

a substance (x^rdedrttng st least orie of 
nitrogen and oxysen and the selected 
one element; 

an alloy containing one element se- 
lected from the first group; arKi 
a substaiKieoonterinlng at least one of 
nitrogeri and oxygeil and the alloy. 

11. The reflecllvB mask blank as claimed in any one of 
daims 1 through 9, wherein the exposure light ab- 
sorbing layer as the lower layer is fnade of a mate- 
rial containing Ta, 

12. The mask blank as claimed in claim 11, wherein the 
maferial of the exposure Hght absorbing layer as the 
lower layer further contains B. 

13. The reflective mask blank as claimed in any one of 
claims 1 through 12. wherein an intermediate regton 
where a composition is continuously varied from a 
composition of the lower layer to a composition of 
the upper layer is interposed between the lower lay- 
er and the upper layer. 

14. The reflective mask blank as claimed in any one of 
claims 1 thnsugh 13. comprising a buffer layer iniel^. 
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posed between the reftective layer and the absorber 
Eaydr ta prtitsct the rafle<^ layer duilng imstn 
formaHon pn the alWQrber layer, 

15, The refieclivB mask biank as OiaiiT«B^,iB'||a^ 
wherein the lower layer of the abi^^^|«0| 
formed by a substance conUtinlng Tavriihe buffier lay- 
er being formed by Cr or a sutotanoeiCionUiinjjia % 



IB4 Tile refletogvamaek blartk a«» daitttatf in^rty ma ^ 
daJms t through is/ wbeiain a coniraat batwsin 
reflected lEghl rtrflected on a suifaoe of the rsdeetive 
layer and reflected HghtrefleBtefl on a surface of ^e 
absoiter layer la 40 % enr mare at the waveler^h 
of light used In Inspection of a pattern formed on the 
absorber layer. 

17. The reflective mask blank as claimed in any orrpjof^ 
claims 1 through 16, further comprisjhg a buffler^ 
er formed between the reflective layer and tfte^ab' 
sorber layer to protect the reflective layer durtag 
pattern formatton on the absorber layer; 

a contrast between reflected light reflected on 
a surface of the buffer layer and reflected light re- 
flected on a surface of the absorber layer bebig 40 
% or more at tha wavelength of light uaad in in&Pgo- 
tion of a jrattam formed on the ab|^^^^^il^^ 

18. The refleeeve mask blank as daimeiiiin anv;'onli ,(rf 
claims 1 through 17, wtisrain therd^ecUviiy'ef^M 
surface of the absorber layer is iQ % or iassi||ie 
Wavelength of light MiA'd In Inspection of a paaern 
formed on the absortser layer. 

Ifl. The renectivG maak blank as claimed In any one of 
claims 1 ttirough 18, wherein the surface of the al> 
sorber lays' has a surface roughness of 0.5 nmRms 



20. The reflective mask blank as claimed in any cne,of 
claims 1 through 19, wherein a substance fdfrl^g 
the upper layer of the absoitoer layer'ha's a refrscliv'e 
index n and an extinction coefficient k at the wave- 
length of inspection light, where n is 1 .5 to 3.5 and 
klsQ.Torlsss. 

21. The reflective mask blank as claimed In any one of 
dalnra 1 through 20, wherein the thickness of the 
lowHreflectlvlty layer as the upper lay|r^^eJ|B%j, 
with reference to the relatbnship:f|sj3^^ji^<?iir 
flectlvlty of the surl^ce of Itia ahsorb^^r layer for In- 
spection light and the thickness of fh'et'low-pfl^ctivr 
Ity layer, so as to minimize the reflectivity, of thK#^ 
face of the absorber layer at the wavelength ^%ie 
inspection light, 

22. The reflective mask blank as claimed in any one of 



claims 1 through 21 , wherein the thickness of the 
towFsflectivity layer is 5 to 30 nm. 

23. A rafleOive niiask obtained by patterning the ab- 
sorber layer of flie reflective mmk blank ols^med in 
any one of ^ln«i 1 thn»i^h ti. 

24. A method of producing a reflective mask blank com- 
p^teirjg a substrate on which a reffeclive layer for 
reflef^g exposure light in a short-wavelength re- 
gion including an extreniie uitravioist region and an 
absorbertayerfDrabsorbinsIhe exposure tight are 
successively fanned, the absorber layer having an 
at least two-layer stnioture Inctttdhg.as a lower lay- 
er an ejtposiire tight «4)S0it^ing layer cotr^ristng an 
j^sorberfbr the exposure light and ss en upper lay- 
er a low-reflectivity layer comprising an absorber for 
Inspection light used In inspection a mask pat- 
tern, the upper layer being farther from the sub- 
strate than the lower layer, wherein: 

formatton of the lower layer of the absorber lay- 
er and fbrrnation of the upper layer are contin- 
uously carried out wUhln a same deposition 



25. The method of producing a reflective mask blank as 
claimed In claim 24, wherein the upper layer and 
the lower layer contain metal elements, respective- 
. ly, these metal elements being a sanve metal ele- 



26. ThemeUtod (tf produoin{) a reflective mask biankas 
daibned In claim 25, wherein the upper and the km- 
er layers of the absorber layer are formed by sput- 
tering, the upper and the lower layers being liormed 
by using a same target .tantaining the metal ele- 
ment and changing a gas used In deposftkin. 

27. A meftod of producing a reflective mask blank, the 
meHiod comprising the steps of: 

fonmlng, on a substrate, a reflective layer for re- 
flecting exposure light in a short-wavelength re- 
gion including an extreme uKravtolet region; 
fanning, on the reflective Isyer, an exposure 
light absorbing layer for absorbing the expo- 
sure light; and 

forming, in the vicinity of a surface of the expo- 
sure light absolving layer, a low-reflectivity lay- 
er for inspection light used in Inspection of a 
mask pattern by treating ttie surface of the ex- 
posure light absorbing layer. 

28. A method of producing a reflective mask, wherein 
the reflectWe mask is obtained by patterning the 
low-reflectivity layer and the exposure light absorb- 
ing layer in the reflective mask blank produced by 
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thsrfigthod.oyrnsdindgiin27. . 

29. A method of producing a semicondtibibr, w^twdfik 
pattern is transferred onto a semiconductor sMb- 
strate by tlie use of the refleolive masli; ciaimed in 
claim 23, 

30. A reflective mask blank comprising a substrate on 
which a multilayer reflective fiirii for reBectfng expo- 
sure light and an aijsorber layRr fbf^^^^i|»a 
exposure light are successively ^rrfiwi^m^&iiS*' 
er layer being made of a material coijftainifig tdfita- 
turn (Ta), boron (B), and nitrogen (N), the contentof 
B being 5 al% to 25 al%, the ratio of Ta and N 0f: 
N) falling within a range of 8 : 1 to 2 : 7. ^ . ' 

31. A reflective ma$k blank oomprlsing a substrate on 
which a multilayer reieotlve film for cefl^fng expo- 
sure light and an ab«ortier lay^ tisr absortilng lha 
exposure light are sucoesaiveiy fbrmed, ttw absoit* 
er lajwr containing tantalum (Ta), bom (S), and nt- 
trdgan (N), the absods^r layer having an amorphouB 

:. ■ V- i-a - 

32. A reflective mask blank comprising; a, substrat^ti 
which a multilayer reflective film for reflecting expo- 
sure light and an atisorber layer fdr absorbing the 
exposure light are successively fonned, the absorb- 
er layer being made of a material containing tanta- 
lum {Ta}, boron {8), and oxygen (O). 

33. The reflecttve mask blank as claimed in^^^2, 
wherein the material of the ab^o!|^j|^^^^ 
contains nitrogen (N). ' r 

34. The reflective mask blank as claimed, In s^y j)i^0f 
claims 31 thnsugh 33, wherein the maCsrt&lv-afaHe 
absorber layer contains S-25 at% boron (B); '■ 

35. The refieotive mask Wank as ciaimed In any one of 
claims 32 through 34, wherein the material of the 
absorber layer has an aiTk>rphou8 stal3B. 



whsrsin the bufer layer is mads of a fnatsrlalGon- 
taining chromiwm (0r). 

39. The reflective mask blank as claimed In any one of 
B claims 30 through 38, wherein a contrast between 

reflected light reflected on a sunace of the muitliay- 
er reflective Aim and reflected light reflected on a 
surface of the absorber layer is 40 % or more at the 
wav(^ength of Itglrt used in inspection ti s pattern 
to ' . if^fMd 

40. The reflective mask blank as claimed in any one of 
claims 30 through 39, further comprising a buffer 
layer formed between the multilayer reflective ^Im 

IS and the. absorber tayer to protsot the multilayer re- 
ftecltve flim duf ing psttwn formatten on the absorb- 
er jayer; 

a contnitfit betvffiien nffected ligm reflected on 
a surface of the butar teyer and reflected light re- 
w fleeted on a Sur^ tJf the abaorbsr igiyer being 40 
% or more at the wavelength of light used in Inspec- 
tion of a pattern formed on the absorber layer. 

41. The reflective mask blank as claimed in any one of 
2S claims 30 through 40, wherein the reflectivity on the 

surface of the absorber layer Is 20 % or less at the 
wavelength of light used in Inspection of a pattern 
formed on the absorber layer. 

30 42. The reflective mask blank as claimed in any one of 
claims 30 through 41 , wherein the sttrface of tfie ab- 
sorber layer hds a suditttie rougfiness of 0, S nmRms 
or less. 

35 43. A reflective mask obtained by patterning the ab- 
sortser layer of the refieotive mask blank claimed in 
any one of i^aims 30 through 42. 

44. A method of producing a semiconducior, wherdn a 
40 pattem is transfen-ed onto a semiconductor sub- 
strate by the use of the renectlve maskolaimed in 
Qlatm43. 



36. The refleoilvB mask bteink as claimed in any one of 
olalms 30 through 36, vrtierein the absorber layer . 
has a distribution of composition \p which the con- 
tent of oxygen or nitrogen Is gradually increeM^in . 
the thickness direction towards the surfaceidrae 
absorber layer, 

37. The reflective mask blank as claimed in any one of 
claims 30 through 36, further comprising a buffer 
layer formed between the multilayer reflective film 
and the absorber layer to protect the multilayer re- 
flective film during pattern fonriati^ 
sorber layer. 

38. The reflective mask blank as claimed in; cl^imv^J, 
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